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Fore^vord 


IN  view  of  the  great  need  for  a  more  scientific  knowledge  of 
electricity  by  thousands  of  practical  men  of  limited  tech- 
nical education,  an  attempt  has  been  made  in  the  following 
pages  to  give  a  presentation  of  the  subject  which  will  be  easily 
understood  by  such  men,  and  at  the  same  time  cover  all  essen- 
tial principles  and  methods.  The  principles  usually  deduced 
by  higher  mathematics  are  here  made  clear  by  careful  explana- 
tion and  a  large  number  of  diagrams  drawn  especially  to  sup- 
plement and  elucidate  the  text.  Numerous  engravings  exem- 
plify modern  practice,  and  form  a  pictorial  index  to  the  latest 
and  best  methods  of  applying  electricity  to  lighting,  railways, 
power  transmission,  the  driving  of  machine  tools,  etc. 

^  The  Cyclopedia  of  Applied  Electricity  is  based  upon  the 
method  which  the  American  School  of  Correspondence  has  de- 
veloped and  successfully  used  for  many  years  in  teaching 
practical  electricians  the  scientific  principles  underlying  their 
work.  It  is  a  compilation  of  representative  Instruction  Papers 
of  the  School,  and  forms  a  simple,  practical,  concise,  and  con- 
venient reference  work  for  the  shop,  the  library,  the  school, 
and  the  home. 

^  The  success  which  the  American  School  of  Correspondence 
has  attained  in  teaching  thousands  of  electricians,  is  in  itself 
the  best  possible  guarantee  for  the  present  work.  Therefore, 
while  these  volumes  are  a  marked  innovation  in  technical  litera- 
ture—representing as  they  do  the  best  ideas  and  methods  of  a 
large  number  of  different  authors,  each  an  acknowledged 
authority  in  his  work— they  are  by  no  means  an  experiment. 


but  are  in  fact  based  on  what  has  proved  itself  to  be  the  most 
successful  method  yet  devised  for  the  education  of  the  busy 
working  man. 

CAmong  the  sections  of  especial  timeliness  are  those  on  Alter- 
nating-Current Machinery,  Storage  Batteries,  Electric  Wiring, 
Lighting,  etc.  In  these  pages  the  authors  have  succeeded  in 
presenting  the  subjects  in  such  manner  as  to  overcome  the 
hitherto  insurmountable  obstacle— higher  mathematics.  The 
rules  and  formulae  are  presented  in  a  very  simple  manner,  and 
special  effort  has  been  made  to  illustrate  every  principle  by  dia- 
grams, curves,  and  practical  examples. 

^.Numerous  examples  for  practice  are  inserted  at  intervals; 
these,  with  the  test  questions,  help  the  reader  to  fix  in  mind 
the  essential  points,  thus  combining  the  advantages  of  a  text- 
book with  those  of  a  reference  work. 

CGrateful  acknowledgment  is  due  to  the  corps  of  authors  and 
collaborators  who  have  prepared  the  many  sections  of  this 
work.  The  hearty  co-operation  of  these  men — engineers  of 
wide  practical  experience,  and  teachers  of  acknowledged  ability 
— has  alone  made  these  volumes  possible. 

CThe  Cyclopedia  is  published  in  the  belief  that  it  will  meet  a 
real  need  among  designers,  constructors,  and  operators  of  elec- 
trical machinery.  That  it  may  save  many  weary  hours  of 
search  among  the  scattered  textbooks  and  reference  works  of 
the  day —books  which,  being  intended  largely  for  college-trained 
men,  are  necessarily  far  from  meeting  the  needs  of  the  average 
practical  man — is  the  hope  of  the  compilers  and  publishers. 
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ELEMENTS  OF  ELECTRICITY 
AND  MAGNETISM* 


MAGNETISM 


1.  Natural  and  Artificial  Magnets.  It  has  been  known  for  many 
centuries  that  some  specimens  of  the  ore  known  as  magnetite  (FcgOJ 
have  the  property  of  attracting  small  bits  of  iron  and  steel.  This 
ore  probably  received  its  name  from  the  fact  that  it  is  abundant  in  the 
province  of  Magnesia  in  Thessaly,  although  the  Latin  writer  Pliny 
says  that  the  word  magnet  is  derived  from  the  name  of  the  Greek 
shepherd  Magnes,  who,  on  the  top  of  Mount  Ida,  observed  the 
attraction  of  a  large  stone  for  his  iron  crook.  Pieces  of  ore  which 
exhibit  this  attractive  property  for  iron  or  steel  are  known  as  natural 
magnets. 

It  was  also  known  to  the  ancients  that  artificial  magnets  may  be 
made  by  stroking  pieces  of  steel  with  natural  magnets,  but  it  was  not 
until  the  twelfth  century  that  the  discovery  was  made  that  a  sus- 
pended magnet  would  assume  a  north-and-south  position.  Because 
of  this  property  natural  magnets  came  to  be  known  as  lodestones 
(leading  stones),  and  magnets,  either  artificial  or  natural,  began  to 
be  used  for  determining  directions.  The  first  mention  of  the  use  of  a 
compass  in  Europe  is  in  11 90.  It  is  thought  to  have  been  introduced 
from  China. 

Artificial  magnets  are  now  made  either  by  repeatedly  stroking  a 
bar  of  steel,  first  from  the  middle  to  one  end  on  one  of  the  ends,  or 
poles,  of  a  magnet,  and  then  from  the  middle  to  the  other  end  on  the 
other  pole,  or  else  by  passing  electric  currents  about  the  bar  in  a 
manner  to  be  described  later.  The  form  shown  in  Fig.  1  is  called  a 
bar  magnet,  that  shown  in  Fig.  2  a  horseshoe  magnet. 

*  This  paper  is  a  modiacation  aud  abridgment  of  the  treatment  of  Magnetism  and 
Elect riciti/  {ound  lu  Millikan  and  Gale's  First  Course  in  Physics  (Giun  &  Co.,  Boston),  to 
wWch  the  student  is  referred  for  a  more  complete  presentation  of  the  subject. 
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Fig.  1.    Bar  Magnet. 


Fig.  2.    Horseshoe  Magnet. 


2.  The  Poles  of  a  Magnet.  If  a  magnet  is  dipped  into  iron  filings, 
the  filings  are  observed  to  cling  in  tufts  near  the  ends,  but  scarcely 
at  all  near  the  middle  (Fig.  3).     These  places  near  the  ends  of  the 

magnet,  in  which  its  strength  seems 
to  be  concentrated,  are  called  the 
poles  of  the  magnet.  It  has  been 
decided  to  call  the  end  of  a  freely 
suspended  magnet  which  points  to  the  north,  the  north-seeking  or 
north  pole,  and  it  is  commonly 
designated  by  the  letter  N.  The 
other  end  is  called  the  south-seek- 
ing or  south  pole,  and  is  desig- 
nated by  the  letter  S.  The  direc- 
tion in  which  the  compass  needle 
points  is  called  the  magnetic  meridian. 

3.  The  Laws  of  Magnetic  Attraction  and  Repulsion.  In  the 
experiment  with  the  iron  filings,  no  particular  difference  was  ob- 
served between  the  action  of  the  two 
poles.  That  there  is  a  difference, 
however,  may  be  shown  by  ex- 
perimenting with  two  magnets, 
either  of  which  may  be  suspended 
(see  Fig.  4).  If  two  N  poles  are 
brought  near  one  another,  they 
are  found  to  repel  each  other. 
The  S  poles  likewise  are  found  to 
repel  each  other.  But  the  N  pole 
of  one  magnet  is  found  to  be  attract- 
ed by  the  *S  pole  of  another.  The 
results  of  these  experiments  may  be 
summarized  in  a  general  law: 
Magnet  poles  of  like  kind  repel 
each  other,  while  poles  of  unlike 
kind  attract. 

The  force  of  attraction  is  found, 
like   gravitation,  to  vary    inversely 
as  the   square  of  the  distance  between  the   poles;  that   is,  separat- 
ing two  poles  to   twice  their   original   distance   reduces   the    force 


Fig.  3.    Experiment  Showing  Existence 
of  Magnet  Poles. 
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acting  between  them  to  one-fourth  its  original  vahie,  separating 
them  to  three  times  their  original  distance,  reduces  the  force  to 
one-ninth  its  original  value,  etc. 

4.  /Vlagnetic  Substances.  Iron  and  steel  are  the  only  commr^n 
substances  which  exhibit  magnetic  properties  to  a  marked  degree. 
Nickel  and  cobalt,  however,  are  also  attracted 

appreciably   by'  strong    magnets.      Bismuth, 

antimony,  and  a  number  of  other  substances 

are  actually  repelled  instead  of  attracted,  but 

the  effect  is  very  small.     Until  quite  recently 

iron    and     steel    were     the    only    substances 

whose    magnetic    properties   were    sufficiently 

strong  to  make  them  of  any  value  as  magnets. 

Within   the   last   five  years,    however,  it   has 

been    discovered  that  it  is  possible  to  make 

certain  alloys  out  of  non-magnetic    materials 

such  as  copper,     magnesium,    and  aluminum  ^'^tion  lu^ATtion  J*'^^' 

which  are  almost  as  strongly  magnetic  as  iron.  *^^^^ 

These  are  known  as  the  Ileiissler  alloys. 

5.  Magnetic  Induction.  If  a  small  unmagnetized  nail  is  sus- 
pended from  one  end  of  a  bar  magnet,  it  is  found  that  a  second  nail 
may  be  suspended  from  this  first  nail,  which  itself  acts  like  a  magnet, 
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Fig.  5.  Fig. 

Experiments  Showing  Magnetic  Induction. 


a  third  from  the  second,  etc.,  as  shown  in  Fig.  5.  But  if  the  bar 
magnet  is  carefully  pulled  away  from  the  first  nail,  the  others  will 
instantly  fall  away  from  each  other,  thus  showing  that  the  nails  were 
strong  magnets  only  so  long  as  they  were  in  contact  with  the  bar 
magnet.     Any  piece  of  soft  iron  may  be  thus  magnetized  temporarily 
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by  holding  it  in  contact  with  a  permanent  magnet.  Indeed,  it  is  not 
necessary  that  there  be  actual  contact,  for  if  a  nail  is  simply  brought 
near  to  the  permanent  magnet  it  is  found  to  become  a  magnet.  This 
may  be  proved  by  presenting  some  iron  filings  to  one  end  of  a  nail 
held  near  a  magnet  in  the  manner  shown  in  Fig.  G.  Even  inserting 
a  plate  of  glass,  or  of  copper,  or  of  any  other  material  except  iron 
between  S  and  N  will  not  change  appreciably  the  number  of  filings 
which  cling  to  the  end  of  S\  But  as  soon  at  the  permanent  magnet 
is  removed,  most  of  the  filings  will  fall.  Magnetism  ^produced  in  this 
way  by  the  mere  presence  of  adjacent  magnets,  with  or  without  contact, 
is  called  induced  magnetism.  If  the  induced  magnetism  of  the  nail 
in  Fig.  6  is  tested  with  a  compass  needle,  it  is  found  that  the  remote 
induced  pole  S'  is  of  the  same  kind  as  the  inducing  pole  *S,  while  the 
near  pole  N  is  of  unlike  kind.  This  is  the  general  law  of  magnetic 
induction. 

Magnetic  induction  explains  the  fact  that  a  magnet  attracts  an 
unmagnetized  piece  of  iron,  for  it  first  magnetizes  it  by  induction, 
so  that  the  near  pole  is  unlike  the  inducing  pole,  and  the  remote  pole 
like  the  inducing  pole,  and  then,  since  the  two  unlike  poles  are  closer 
together  than  the  like  poles,  the  attraction  overbalances  the  re[)ulsion 
and  the  iron  is  drawn  toward  the  magnet.  Magnetic  induction  also 
explains  the  formation  of  the  tufts  of  iron  filings  shown  in  Fig.  3, 
each  little  filing  becoming  a  temporary  magnet  such  that  the  end 
which  points  toward  the  inducing  pole  is  unlike  this  pole,  and  the 
end  which  points  away  from  it  is  like  this  pole.  The  bush-like 
appearance  is  due  to  the  repulsive  action  which  the  outside  free  poles 
exert  upon  each  other. 

6.  Retentivity  and  Permeability.  A  piece  of  soft  iron  will  very 
easily  become  a  strong  temporary  magnet,  but  when  removed  from 
the  influence  of  the  magnet  it  loses  practically  all  of  its  magnetism. 
On  the  other  hand,  a  piece  of  steel  will  not  be  so  strongly  magnetized 
as  the  soft  iron,  but  it  will  retain  a  much  larger  fraction  of  its  mag- 
netism after  it  is  removed  from  the  influence  of  the  permanent  magnet. 
This  power  of  resisting  either  magnetization  or  demagnetization  is 
called  retentivity.  Thus,  steel  has  a  much  greater  retentivity  than 
wrought  iron,  and,  in  general,  the  harder  the  steel  the  greater  its 
retentivity. 

A  substance  which  lias  the  property  of  becoming  strongly  mag- 
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Fig.  7.    Direction  of  Magnetic  Lines  of 
Force, 


netic  under  the  influence  of  a  permanent  magnet,  whether  it  has  a 
high  retentivity  or  not,  is  said  to  possess  permeahility  in  large  degree. 
Thus,  iron  is  much  more  permeable  than  nickel.  Permeability  is 
measured  by  the  amount  of  magnetization  which  a  substance  is  able 
to  receive ;  while  retentivity  is  measured  by  the  tenacity  with  which 
it  holiis  it. 

7.  Magnetic  Lines  of  Force.  If 
we  could  separate  the  N  arjd  S 
poles  of  a  small  magnet  so  as  to 
obtain  an  independent  N  pole,  and 
were  to  place  this  N  pole  near  the 
N  pole  of  a  bar  magnet,  it  would 
move  over  to  the  S  pole  of  the  bar  magnet,  along  some  curved 
path  similar  to  that  shown  in  Fig.  7.  The  reason  that  the  motion 
is  along  a  curved  rather  than  along  a  straight  path  is  that  the  free 
pole  is  at  one  and  the  same  time  repelled  by  the  N  pole  of  the  bar 
magnet  and  attracted  by  its  S  pole,  and  the  relative  strengths  of 
these  two  forces  are  continually  changing  as  the  relative  distances 
of  the  moving  pole  from  these  two  poles  are  changed. 

It  is  not  difficult  to  test  this  conclusion  experimentally.  Thus, 
if  a  bar  or  horseshoe  magnet  is  placed  just  beneath  a  flat  dish  con- 
taining water  (see  Fig.  8) ,  and  a  cork  carrying  a  magnetized  needle 
placed  near  the  N  pole  in  the  manner  shown  in  the  figure,  the  cork 
will  actually  be  found  to  move  in  a  curved  path  from  N  around  to  S. 
In  this  case  the  cork  and  the  needle  actually  move  as  would  an 
independent  pole,  since  the  upper  pole  of  the  needle  is  so  much  farther 
from  the  magnet  than  the  lower  pole  that  the  influence  of  the  former 
on  the  motion  is  very  small. 

Any  path  which  an  independent  N  pole  would  take  in  going  from 
JV  to  S  is  called  a  line  of 
magnetic  force.  The  simplest 
way  of  finding  the  direction 
of  this  path  at  any  point 
near  a  magnet  is  to  hold  a 
compass  needle  at  the  point 
considered,  for  the  needle  must  obviously  set  itself  along  the  line  in 
which  its  poles  would  move  if  independent,  that  is,  along  the  line  of 
force  which  passes  through  the  given  point  (see  C,  Fig.  7). 
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Fig.  8. 


Direct  Proof  that  Magnetic  Lines  of 
Force  are  Curved. 
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Fig.  9.    Shape  of  Magnetic  Field  about  a  Bar  Magnet. 


8.     Magnetic  Fields  of  Force.     The  region  about  a  magnet  in 

which  its  magnetic  forces  can  be  detected  is  called  its  field  of  force. 

The  simplest  way  of  gaining  an  idea  of  the  way  in  which  the  lines  of 

force  are  arranged 
-  r^^^<r-^^n^T^^;\^^;^\^y>^  in  the  m  a  g  n  e  t  i  c 

fi  e  1  d  about  any 
magnet  is  to  sift 
iron  filings  upon  a 
piece  of  paper 
placed  immediately 
over  the  magnet. 
Each  little  filing 
becomes  a  tempo- 
rary magnet  by  in- 
duction, and  therefore,  like  the  compass  needle,  sets  itself  in  the 

direction  of  the  line  of  force  at  the  point  where  it  is.     Fig.  9  shows 

the  shape  of  the  magnetic  field  about  a  bar  magnet.     Fig.  10  shows 

the  direction  of  the  lines  of  force  about  a  horseshoe  magnet.    Fig.  11 

is  the  ideal  diagram  corresponding 

to  Fig.  9  and  showing  the  lines 

force  emerging  from  the  N  pole  and 

passing  around  in  curved  lines  to 

S    pole.    This    way   of   imagining 

the    lines    of    force    to    be    closed  ^^"S^ 

curves  passing  on  the  outside  of  the  $§^^j 

magnet  from  N  around  to  S,  and  ?§i^£ 

on  the  inside  of  the  magnet  from  S  '^M^^ 

back    to    Nf  was    introduced     by  ^'^iE 

Faraday  about  1830,  and  has  been  ?^^z^; 

found  of  great  assistance  in  correla-  '^'^"^^0 

ting  the  facts  of  magnetism.  fA'^>^W^, 

9.     Molecular  Nature    of    Mag= 

netism.     If  a  small  test-tube  full 

iron  filings  be  stroked  from  one  end    pj    ,o 

to  the  other  with  a  riiagnet,  it  will 

be  found  to  behave  toward  a  compass  needle  as  if  it  were  itself  a 

magnet,  but  it  will  lose  its  magnetism  as  soon  as  the  filings  are  shaken 

up.     If  a  magnetized  needle  is  heated  red-hot,  it  is  found  to  lose  its 


Direction  of  Lines  of  Force 
about  a  Horseshoe  Magnet. 
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magnetism  completely.  Again,  if  any  magnet  is  jarred  or  hammered 
or  twisted,  the  strength  of  its  poles  as  measured  by  their  ability  to  pick 
up  tacks  or  iron  filings,  is  found  to  be  greatly  diminished. 

These  facts   point   to   the 
'    \     I     I     /^^^"'^""s  \     '     ('     /   /      conclusion    that    magnetism 

has  something  to  do  with  the 
arrangement  of  the  molecules, 
since  causes  which  violently 
disturb  the  molecules  of  the 
ignet  weaken   its    mag- 
Again,  if  a  magnet- 
/     '     1     \  ^     -- *-      /  /     ,     ,     ^    «       iz-cii  needle  is  broken,   each 
^     I     \      \     ^ — '^    /'     /     1     \    I      part  will  be  found  to  be  a 


:-.^A  ^>rC€f  iCftt^€^f*  :=C--:~^"  ciisturt 

VVr//;;v;r^-^^V;y:cC  ,^agne 

'///    '  1  ;'\— V/'i-   \  ^  \\\  netism 

/  /    /     1     ^  \^-— ""  //    I     \    \    ^  ized  n 


Fig.  11.    Ideal  Diag^m  of^Unes  of  Force  about   complete    magnet.  '  That    is, 

two  new  poles  will  appear  at 
the  point  of  breaking,  a  new  A"  pole  on  the  part  which  has  the 
original  S  pole,  and  a  new  S  pole  on  the  part  which  has  the  original 
N  pole.  The  subdivision  may  be  continued  indefinitely,  but  always 
with  the  same  result,  as  indicated  in  Fig.  12.  This  points  to  the 
conclusion  that  the  molecules  of  a  magnetized  bar  are  themselves 
little  magnets  arranged  in  rows  with  their  opposite  poles  in  contact. 
If  an  unmagnetized  piece  of  hard  steel  is  pounded  vigorously 
while  it  lies  betv,  een 
the  poles  of  a  mag- 
net, or  if  it  is  heat- 
ed to  r-edness  and 
then    allowefl    to 

Of  nl  in  fhi«  nnsi*-  Fie.  13.  A  Magnet  Broken  Into  Smaller  Magnets,  Showing 
UAH      111     una     pu&i         b  Connection  between  Magnetism  and 

tion,     it     will     be  Moleenlar  Arrangement. 

found  to  have  become  magnetized.  This  points  to  the  conclusion 
that  the  molecules  of  the  steel  are  magnets  even  when  the  bar  as 
a  whole  is  not  magnetized,  and  that  magnetization  consists  in 
causing  these  molecular  magnets  to  arrange  themselves  in  rows, 
end  to  end. 

In  an  unmagnetized  bar  of  iron  or  steel,  then,  it  is  probable  that 
the  molecules  themselves  are  tiny  magnets  which  are  arranged  either 
haphazard  or  in  little  closed  groups  or  chains,  as  in  Fig.  13,  so  that, 
on  the  whole,  opposite  poles  neutralize  each  other  throughout  the 
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bar.  But  when  the  bar  is  brought  near  a  magnet,  the  molecules  are 
swung  around  by  the  outside  magnetic  force  into  some  such  arrange- 
ment as  that  shown  by  Fig.  14,  in  which  the  opposite  poles  com- 
pletely neutralize  one  another  only  in  the  middle  of  the  bar.     Accord- 


Fig.  13.    Theoretical  Arrangement  of  Molecules  in  a  Bar  of 
Ordinary  Iron  or  Steel. 

ing  to  this  view,  the  reason  that  heating  and  jarring  weaken  a  magnet 
is  that  disturbances  of  this  sort  tend  to  shake  the  molecules  out  of 
alignment.  On  the  other  hand  heating  and  jarring  facilitate  mag- 
netization when  an  unmagnetized  bar  is  between  the  poles  of  a  magnet, 
because  they  assist  the  magnetizing  force  in  breaking  up  the  molecular 
groups  or  chains  and  getting  the  molecules  into  alignment.  Soft  iron, 
then,  has  higher  permeability  than  hard  steel, merely  because  the  mole- 
cules of  the  former  substance  do  not  offer  so  much  resistance  to  a 
force  tending  to  swing  them  into  line  as  do  those  of  the  latter  sub- 
stance. Steel  has  on  the  other  hand  a  much  greater  retentivity  than 
soft  iron,  merely  because  its  molecules  are  not  so  easily  moved  out  of 
position  when  once  they  have  been  aligned. 


Pig.  14.    Theoretical  Arrangement  Assumed  by  Molecules 
when  Bar  is  Magnetized. 

10.  Saturated  Magnets.  Strong  evidence  for  the  correctness  of 
the  above  view  is  found  in  the  fact  that  a  piece  of  iron  or  steel  cannot 
be  magnetized  beyond  a  certain  limit,  no  matter  how  strong  the 
magnetizing  force.  This  limit  probably  corresponds  to  the  condition 
in  which  the  axes  of  all  the  molecules  are  brought  into  parallelism,  as 
in  Fig.  14.  The  magnet  is  then  said  to  be  saturated^  since  it  is  as 
strong  as  it  is  possible  to  make  it. 

U.  The  Earth's  Magnetism.  The  fact  that  a  compass  needle 
always  points  north  and  south,  or  approximately  so,  indicates  that 
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the  earth  itself  is  a  great  magnet,  having  an  S  pole  near  the  geographi- 
cal north  pole  and  an  N  pole  near  the  geographical  south  pole;  for 
the  magnetic  pole  of  the  earth  which  is  near  the  geographical  north 
pole  must  of  course  be  unlike  the  pole  of  a  suspended  magnet  which 
points  toward  it,  and  the  pole  of  the  suspended  magnet  which  points 
toward  the  north  is  the  one  which  by  convention  it  has  been  decided 
to  call  the  north  pole.  The  magnetic  pole  of  the  earth  which  is  near 
the  north  geographical  pole  was  found  in  1831  by  Sir  James  Ross 
in  Boothia  Felix,  Canada,  latitude  70°  30'  N.,  longitude  95°  W.  It 
was  located  again  in  1905  by  Captain  Amundsen  at  a  point  a  little 
farther  west.  Its  approximate  location  is  70°  5'  N.,  and  96°  46'  W. 
It  is  probable  that  it  slowly  shifts  its  position. 

12.  Declination.  It  is,  of 
course,  on  account  of  the  fact 
that  the  earth's  magnetic  and 
geographical  poles  do  not  alto- 
gether coincide,  that  the  magnetic 
needle  does  not  point  exactly 
north,  and  also  that  the  direction 
in  which  it  does  point  changes 
as  the  needle  is  moved  about 
over  the  earth's  surface.  This 
last  fact  was  first  discovered  by  Columbus  on  his  voyage  to  America, 
and  caused  great  alarm  among  his  sailors.  There  are  other  local 
causes,  however,  such  as  large  deposits  of  iron  ore,  which  cause  local 
deviations  of  the  needle  from  the  true  north.  The  number  of 
degrees  by  which  the  needle  varies  from  the  north  and  south  line  at 
a  given  point,  is  called  the  declination  at  that  point. 

13.  Inclination  or  Dip.  Let  an  unmagnetized  knitting  needle 
o  (Fig.  15)  be  thrust  through  a  cork,  and  let  a  second  needle  b  be 
passed  through  the  cork  at  right  angles  to  a.  Let  the  system  be 
adjusted  by  means  of  wax  or  a  pin  c,  until  it  is  in  neutral  equilibrium 
about  b  as  an  axis,  when  a  is  pointing  east  and  west.  Then  let  a  be 
strongly  magnetized  by  stroking  one  end  of  it  from  the  middle  out 
with  the  N  pole  of  a  strong  magnet,  and  the  other  end  from  the  middle 
out  with  the  >S  pole  of  the  same  magnet.  When  now  the  needle  is 
replaced  on  its  supports  and  turned  into  a  north-and-south  line  with 
its  N  pole  toward  the  north,  it  will  be  found,  in  the  north  temperate 


Fig.  15.    Dip  of  the  Magnetic  Needle. 
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zone,  to  dip  so  as  to  make  an  angle  of  from  60°  to  75°  with  the  hori- 
zontal. This  shows  that  in  the  latitudes  mentioned  the  earth's  mag- 
netic lines  are  not  at  all  parallel  to  the  earth's  surface.  The  angle 
between  these  lines  and  the  earth's  surface  is  called  the  dip,  or 
inclinaiimi,  of  the  needle.  At  Washington  it  is  71°  5';  at  Chicago, 
72°  50';  at  the  magnetic  poles  it  is  of  course  90°;  and  at  the  so-called 
magnetic  equator — an  irregular  curved  line  passing  through  the  tropics 
—the  dip  is  0°. 

14.  The  Earth's  Inductive  Action.  A  very  instructive  way  of 
showing" that  the  earth  acts  like  a  great  magnet  is  to  hold  any  ordinary 
iron  or  steel  rod  parallel  to  the  earth's  magnetic  lines,  that  is,  about 
in  the  geographical  meridian,  but  with  the  north  end  slanting  down 
at  an  angle  of  say  70°,  and  then  to  strike  one  end  a  few  blows  with 
the  hammer.  The  rod  will  be  found  to  have  become  a  magnet  with 
its  upper  end  an  S  pole,  like  the  north  pole  of  the  earth,  and  its  lower 
end  an  N  pole.  If  the  rod  is  reversed  and  tapped  again  with  the 
hammer,  its  magnetism  will  be  reversed.  If  held  in  an  east-and-west 
position  and  tapped,  it  will  become  demagnetized,  as  is  shown  l)y 
the  fact  that  both  ends  of  it  will  attract  either  end  of  a. compass  needle. 

STATIC  ELECTRICITY 

15.  Electrification  by  Friction.  If  a  piece  of  liard  rubber  or  a 
stick  of  sealing  wax  is  rubbed  with  flannel  or  cat's  fur  and  then  brought 
near  some  dry  pith  balls,  bits  of  paper,  or  other  light  bodies,  these 
bodies  are  found  to  jump  toward  the  rod.  After  coming  into  c(mtact 
with  it,  however,  they  become  repelleJ.  These  experiments  may  be 
very  satisfactorily  performed  in  winter  with  the  aid  of  a  pith  ball 
suspi'nded  by  a  fine  silk  thread,  as  shown  in  Fig.  10. 

This  sort  of  attraction  was  observed  by  the  Cireeks  as  early  as 
600  B.  C,  when  it  was  found  that  amber  which  had  been  rubbed  with 
silk  attracted  various  sorts  of  light  bodies.  It  was  not,  however,  until 
1600  A.  I),  that  Dr.  William  Gilbert,  physician  to  Queen  Elizabeth, 
and  sometimes  called  the  father  of  the  modern  science  of  electricity 
and  magnetism,  discovered  that  the  effect  could  be  produced  by  rub- 
bing logether  a  great  variety  of  other  substances  l)esides  amber  and 
silk,  such,  for  exMmple,  as  glass  and  silk,  .sealing  wax  and  flannel,  hard 
rubber  and  cat's  fur,  etc. 
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Fig.  16.    Electrification  by  Friction. 


Gilbert  named  the  effect  which  was  produced  upon  these  various 
substances  by  friction,  elecir  if  cation,  after  the  Greek  name  for  amber, 
electron.  Thus,  a  body  which,  hke  rubbed  amber,  has  been  endowed 
with  the  property  of  attracting 
light  bodies  is  said  to  have  been 
electrified,  or  to  have  been  given  a 
charge  of  electricity.  In  this  state- 
ment nothing  whatever  is  said 
about  the  nature  of  electricity.  We 
simply  define  an  electrically  charged 
body  as  one  which  has  been  put 
into  the  condition  in  which  it  acts 
toward  light  bodies  like  the  rubbed 
amber  or  the  rubbed  sealing  wax. 
To  this  day  we  do  not  know  with 
certainty  what  the  nature  of  elec- 
tricity is,  but  we  are  fairly  familiar 
with  the  laws  which  govern  its 
action.  It  is  these  laws  to  which 
attention  will  be  mainly  devoted  in  the  following  sections. 

16.  Positive  and  Negative  Electricity.  If  a  pith  ball  has  touched 
a  glass  rod  which  has  been  rubbed  with  silk  and  thus  been  put  into  the 
condition  in  which  it  is  strongly  rej^elled  by  this  rod,  it  is  found 
not  to  be  repelled,  but  on  the  contrary  to  be  very  strongly  attracted  by 
a  stick  of  sealing  wax  which  has  been  rubbed  with  cat's  fur  or  flannel. 
Similarly,  if  the  pith  ball  has  touched  the  sealing  wax  so  that  it  is 
repelled  by  it,  it  is  found  to  be  strongly  attracted  by  the  glass  rod. 
Again,  two  pith  balls  both  of  which  have  been  in  contact  with  the 
glass  rod  are  found  to  repel  one  another,  while  pith  balls  one  of  which 
has  l)een  in  contact  with  the  gla.ss  rod  and  the  other  with  the  sealing 
wax  attract  one  another. 

Evidently,  then,  the  electrifications  which  are  imparted  to  glass 
by  rubbing  it  with  silk,  and  to  sealing  wax  by  rubbing  it  with  flannel 
are  opposite  in  the  sense  that  an  electrified  body  that  is  attracted 
by  one  is  repelled  by  the  other.  We  say,  therefore,  that  there  are  two 
kinds  of  (>lectrihcation,  and  we  arbitrarily  call  one  pofiitive  and  the 
other  negative.  Thus,  a  positively  electrified  body  is  one  which  acts 
with  res{>ect  to  other  electrified  bodies  like  a  glass  rod  which  has  been 
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rubbed  with  silk,  and  a  negatively  electrified  body  is  one  which  acts  Hke 
a  piece  of  sealing  wax  which  has  been  rubbed  with  flannel.  These 
facts  and  definitions  may  then  be  stated  in  the  following  general  law : 
Electrical  charges  of  like  sign  repel  each  other,  while  charges  of  unlike 
sign  attract  each  other.  The  forces  of  attraction  or  repulsion  are 
found,  like  those  of  gravitation  and  magnetism,  to  decrease  as  the 
square  of  the  distance  increases. 

17.  Conductors  and  Insulators.  If  a  pith  ball  is  in  contact 
with  a  metal  body  A  (Fig.  17),  and  if  this  body  is  connected  to  another 
metal  body  B  by  a  wire,  then,  when  B  is  rubbed  with  an  electrified 
glass  rod,  A  will  be  found  immediately  to  repel  the  pith  ball  from 
itself.     That  is,  a  portion  of  the  charge  communicated  to  B  evidently 

passes  instantly  over  the  wire  to 
A.  If  the  experiment  is  repeated 
when  A  and  B  are  connected  with 

JyT\ /^    a  thread  of  silk,  or  with  a   rod   of 

^^^  ^^    wood  instead  of  metal,  no  effect  will 

Fig.  17.    Experiment   Showing  the  Con-    ,  ,  1,11  ,i  -^i 

ducting  or  Insulating  Properly  of  DC    observed    at    all    upon    the    pitll 

Various  Materials.  1     n        ti>  •   ,  i     ,^  i 

ball.  It  a  moistened  thread  con- 
nects A  and  B,  the  pith  ball  will  be  affected,  but  not  so  soon  as  when 
A  and  B  are  connected  with  a  wire. 

These  experiments  make  it  clear  that  while  electric  charges 
pass  with  perfect  readiness  through  a  wire,  they  are  quite  unable  to 
pass  along  dry  silk  or  wool,  while  they  pass  with  considerable  diflSculty 
along  moist  silk.  We  are  therefore  accustomed  to  divide  substances 
into  two  classes,  cmuluctors  and  non-conductors  or  insulators,  according 
to  their  ability  to  transmit  electrical  charges  from  point  to  point.  Thus 
metals  and  solutions  of  salts  and  acids  in  water  are  all  conductors  of 
electricity,  while  glass,  porcelain,  rubber,  mica,  shellac,  wood,  silk, 
vaseline,  turpentine,  paraffin,  and  oils  generally  are  insulators.  No 
hard  and  fast  line,  however,  can  be  drawn  between  conductors  and 
non-conductors,  since  all  so-called  insulators  conduct  to  some  extent, 
while  the  so-called  conductors  differ  greatly  among  themselves  in 
the  facility  with  vvhich  they  transmit  charges. 

The  fact  of  conduction  brings  out  sharply  one  of  the  most 
essential  distinctions  between  electricity  and  magnetism.  Magnetic 
poles  exist  only  in  iron  and  steel,  while  electrical  charges  can  be 
communicated  to  any  body  whatsoever,  provided  they  are  insulated. 
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These  charges  pass  from  point  to  point  over  conductors,  and  can  be 
transferred  by  contact  from  one  body  to  any  other,  while  magnetic 
poles  remain  fixed  in  position,  and  are  wholly  uninfluenced  by  contact 
with  otRer  bodies,  unless  these  bodies  themselves  are  magnets. 

18.  Electrostatic  Induction.  If  a  metal  ball  A,  Fig.  IS,  is 
strongly  charged  by  rubbing  it  with  a  charged  rod,  and  then  brought 
near  an  insulated  metal  body  B 
which  is  provided  vvith  pith  balls  or  /^^^  ''p- 


strips  of  paper,  a,  b,  c,  as  shown,  \^^   ^ ^ 

tlie  divergence  of  a  and  C,  will   show  ^,^  ,3     Electrostatic  induction. 

that    the   ends  of   B  have  received 

electrical  charges  because  of  the  presence  of  A,  while  the  failure 
of  h  to  diverge  will  show  "that  the  middle  of  B  is  uncharged. 
Further,  the  rod  which  charged  A  will  be  found  to  repel  c  but  to 
attract  a.  WTien  A  is  removed  all  evidences  of  electrification  in  B 
will  disappear. 

From  experiments  of  this  sort  we  conclude  that  when  a  conductor 
is  brought  near  a  charged  body  the  end  away  from  the  charged  body 
becomes  electrified  with  the  same  kind  of  electricity  as  that  on  the 
charged  body,  while  the  end  near  the  charged  body  receives  a  charge 
of  opposite  sign.  Thin  nwthxxl  of  jyrodiicing  elect  r  I  fie  af  ion  by  the  mere 
influence  which  an  electric  charge  has  upon  a  conductor  placed  in  its 
neighborhoai,  is  called  electrostatic  induction.  The  fact  that  as  soon 
as  A  is  removed,  a  and  c  collapse,  shows  that  this  form  of  electrifica- 
tion is  only  a  temporary  phenomenon. 

19.  The  Two=Fluid  Theory  of  Electricity.  We  can  describe 
the  facts  of  induction  conveniently  by  assuming  that  in  every  con- 
ductor there  exists  an  ennui  number  of  positively  and  negatively 
charged  corpuscles,  which  are  very  much  smaller  than  atoms  and 
which  are  able  to  move  about  freely  among  the  molecules  of  the  con- 
ductor. According  to  this  view,  when  no  electrified  body  is  near  the 
conductor  B,  it  appears  to  have  no  charge  at  all,  because  all  of  the 
little  positive  charges  within  it  counteract  the  effects  upon  outside 
bodies  of  all  the  little  negative  charges.  But  as  soon  as  an  electrical 
charge  is  brought  near  B,  it  drives  as  far  away  as  possible  the  little 
corpuscles  which  carry  charges  of  sign  like  its  own,  while  it  attracts 
the  corpuscles  of  imlike  sign.  B,  therefore,  becomes  electrified  like  A 
(it  its  remote  ?nd,  anil  unlike  A  at  its  near  encl.    A§  soon  «is  the 
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inducing  charge  s  removed,  B  ininicdiately  becomes  neutral  again 
because  the  little  positive  and  negative  corpuscles  come  together 
under  the  influence  of  their  mutual  attraction.  This  picture  of  the 
mechanism  of  electrification  by  induction  is  a  modern  modification 
of  the  so-called  iwo-fuid  theory  of  electricity,  which  conceived  of  all 
conductors  as  containing  equal  amounts  of  two  weightless  electrical 
fluids,  called  positive  electricity  and  negative  electricity.  Although 
it  is  extremely  doubtful  whether  this  theory  represents  the  actual  con- 
ditions within  a  conductor,  yet  we  are  able  to  say  with  perfect  positive- 
ness  that  fhe  electrical  behavior  of  a  conductor  is  exactly  what  it  woidd 
he  if  it  did  contain  equal  amounts  of  positive  and  negative  electrical 
fluids,  or  equal  numbers  of  minute  positive  and  negative  corpuscles 
which  are  free  to  move  about  among  the  molecules  of  the  conductor 
under  the  influence  of  outside  electrical  forces.  Furthermore,  since 
the  real  nature  of  electricity  is  as  yet  unknown,  it  has  gradually 
become  a  universally  recognized  convention  to  speak  of  the  positive 
electricity  within  a  conductor  as  being  repelled  to  the  remote  end,  and 
the  negative  electricity  as  being  attracted  to  the  near  end  by  an  outside 
|X>sitive  charge,  and  vice  versa.  This  does  not  imply  the  acceptance 
of  the  two-fluid  theory.  It  is  merely  a  way  of  describing  the  fact 
that  the  remote  end  does  acquire  a  charge  like  that  of  the  inducing 
body,  and  the  near  end  a  charge  unlike  that  of  the  inducing  body. 

20.  The  Electron  Theory.  A  slightly  different  theory  has 
recently  been  put  forward  by  physicists  of  high  standing  both  in 
England  and  in  Germany.  According  to  this  theory  a  certain  amount 
of  positive  electricity  is  supposed  to  constitute  the  nucleus  of  the 
atom  of  every  substance.  About  this  positive  charge  are  grouped 
a  number  of  very  minute  negatively  charged  corpuscles  or  electrons, 
the  mass  of  each  of  which  is  approximately  g^oVir  of  that  of  the 
hydrogen  atom.  The  sum  of  the  negative  charges  of  these  electrons 
is  supposed  to  be  just  ecjual  to  the  positive  charge  of  the  atom,  so 
that  in  its  normal  condition,  the  whole  atom  is  neutral  and  uncharged. 
But  in  the  jostlings  of  the  molecules  of  the  conductor,  electrons  are 
continually  getting  loose  from  the  atoms,  moving  about  freely  among 
the  molecules,  and  re-entering  other  atoms  which  have  lost  their 
electrons.  Therefore,  at  a  given  instant,  there  are  always  in  every 
conductor  a  large  numl)er  of  free  negative  electrons  and  an  exactly 
e(|ual  number  of  atoms  which  have  lost  electrons  and  which  are 
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therefore  positively  charged.  Such  a  conductor  would,  as  a  whole, 
show  no  charge  of  either  positive  or  negative  electricity.  But  if  a 
body  charged,  for  example,  negatively,  were  brought  near  such  a 
body,  the  negatively  charged  electrons  would  stream  away  to  the 
remote  end,  leaving  behind  them  the  positively  charged  atoms  which 
are  not  supposed  to  be  free  to  move  from  their  positions.  On  the 
other  hand,  if  a  positively  charged  body  is  brought  near  the  conductor, 
the  negative  electrons  are  attracted  and  the  remote  end  is  left  with  the 
immovable  positive  atoms. 

The  only  advantage  of  this  theory  over  that  suggested  in  the 
preceding  section,  in  which  the  existence  of  both  positive  and  negative 
corpuscles  is  assumed,  is  that  there  is  much  direct  experimental 
evidence  for  the  existence 
of  free  negatively  charged 
corpuscles  of  about  20^00 
the  mass  of  the  hydrogen 
atom,  but  no  direct  evi- 
dence as  yet  for  the  exist- 
ence of  positively  charged 
electrons. 

21.  TheGold-LeafElec= 
troscope.  One  of  the  most 
sensitive  and  convenient 
instruments  for  detecting  the  presence  of  an  electrical  charge  upon 
a  body  and  for  determining  the  sign  of  that  charge,  is  the  gold-leaf 
electroscope  (Fig.  19).  It  consists  of  a  glass  jar,  through  the  neck 
of  which  passes  a  metal  rod  supported  l)y  a  rul)ber  stopper  or 
some  other  insulated  material,  and  carrying  at  its  lower  end  two 
gold  leaves  or  strips  of  aluminum  foil.  To  detect  with  this  instru- 
ment the  presence  of  an  electrical  charge,  it  is  only  necessary  to  bring 
near  the  upper  end  of  the  electroscope  the  body  which  is  to  be  tested. 
If  it  is  charged,  it  will  repel  electricity  of  the  kind  which  it  possesses 
to  the  leaves  and  draw  the  unlike  kind  to  the  upper  end.  The 
leaves  under  the  influence  of  the  like  charges  which  they  possess 
will  stand  apart  or  diverge.  If  the  body  is  not  charged  the  gold 
leaves  will  not  be  affected  at  all. 

To  determine  the  sign  of  an  unknown  charge  with  an  electro- 
scope, we  first  impart  a  charge  of  known  sign  to  the  electroscope  by 


Fig.  19. 


Electroscope,  for  Detecting  Presence  of 
Electric  Charge. 
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touching  it  with  a  piece  of  sealing  wax,  for  example,  which  has  been 
rubbed  with  cat's  fur.  This  charges  the  leaves  negatively  and  causes 
them  to  diverge.  The  unknown  charge  is  then  slowly  brought  near 
the  upper  end  of  the  electroscope;  and  if  the  divergence  of  the  leaves 
is  increased,  the  sign  of  the  unknown  charge  is  negative,  for  the  in- 
creased divergence  means  that  more  negative  electricity  has  .been 
repelled  to  the  leaves.  If  the  divergence  is  decreased  instead  of 
increased,  the  sign  of  the  unknown  charge  is  ^positive,  for,  the  de- 
creased divergence  of  the  leaves  means  that  a  part  of  the  negative 
electricity*  already  on  the  leaves  has  been  drawn  to  the  upper  end. 

22.  Charging  by  Induction.  If  a  positively  charged  body  C 
(Fig.  20)  is  brought  near  two  conductors  A  and  B  in  contact,  we  have 

seen    that   a  positive   charge   will 

/^A"\/"b^  appear    upon  A   and    a     negative 

I   "^  y^  ~  J    (Cl>--S'  charge  upon  B.  If  0  were  removed 

^--.^^^^^^"--^^^     these  charges  would  recombine  and 

^""^^        A  and    B    both    become    neutral. 

Fig.  20.  Two  Conductors  In  Contact,     But  if,  before  C  has  been  removed. 

Charged  by  Induction.  ' 

A  and  B  are  separated,  and  if  then 
C  is  removed,  there  is  no  opportunity  for  this  recombination.  Hence 
A  is  left  permanently  charged  positively,  and  B  negatively.  These 
charges  can  be  easily  detected  by  bringing  A  and  B  into  the  neigh- 
V)()rhood  of  a  charged  electroscope.  One  will  cause  the  divergence  of 
the  leaves  to  increase,  the  other  will  cause  it  to  decrease. 

Again,  if  a  positively  charged  body  C  (Fig.  21)  is  brought  near  a 
conductor  B,  and  if,  while  C  is  still  in  position,  the  finger  is  touched 
anywhere  to  the  conductor  B  and  then  removed,  then,  when  C  is 
removed,  B  is  found  to  be  negatively  charged.  In  this  case  the  body 
of  the  experimenter  corresponds  to  the  conductor  A  of  the  preceding 
experiment,  and  removing  the  finger  from  B  corresponds  therefore  to 
separating  the  two  conductors  A  and  B.  In  the  use  of  this  method 
of  charging  a  single  body  by  induction,  it  makes  no  difference  with 
the  sign  of  the  charge  left  upon  B  where  the  finger  touches  the  body  B, 
whether  at  a  or  at  6  or  at  any  other  point,  for  it  is  always  the  kind 
of  electricity  which  is  like  that  on  the  charging  body  C  that  is  re- 
pelled off  to  earth  through  the  finger ;  while  the  charge  which  is  unlike 
that  upon  C  is  drawn  to  the  part  of  B  which  is  next  to  C,  and  as  soon 
as  C  is  removed  this  spreads  over  the  whole  body  B.     Whenever,  then, 
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the;  MORTON- wimshurst-hol,t2;  infi^uknce  machine; 

This  machine  illustrates  one  of  the  commercial  applications  of  the  static  machine  described 
on  page  16.     It  is  intended  for  X-ray  purposes  and  therapeutical  use,  for  which  it  has 
many  advantages  over  the  induction  coil,  which  is  sometimes  substituted  for  it, 
being  entirely  self-contained  and  independent  of  outside  sources  of  pow« 
er.    These  machines  vary  in  size  from  6  revolving  and  6  sta- 
tionary 28-inch  plates  to  12  revolving  and  12  station- 
ary 32-inch  plates.    The  spark  is  from  9  to 
15  inches  in  length. 
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a  single  body  is  chartj^ed  l)y  induction  in  this  manner,  ihe  sign  of  the 
charge  left  upmi  it  is  always  opposite  to  that  of  the  inducing  charge. 

Thus,  if  we  wished  to  charge  an  electroscope  negatively  by  induc- 
tion from  a  positively  charged  glass  rod,  we  should  first  bring  the 
rod  near  the  knob  of  the  electroscope,  thus  causing  the  leaves  to 
diverge  because  of  the  positive  electricity  which  is  repelled  to  them. 

Then  while  the  rod     . — ~^ 

was  still  in  position     VL ~y 

near    the     electro-  (j^ 

scope,    we    shoidd 
touch  the  knob  of 

the    latter   with    the  ^'^■''-    Single  Body  charged  by  induction. 

finger.  The  leaves  would  at  once  collapse.  This  is  because  the 
positive  electricity  on  the  electroscope  passes  off  to  earth  through 
the  finger,  while  the  negative  is  held  attracted  to  the  knob  of  the 
electroscope  by  the  positive  charge  on  the  rod.  In  this  condition 
the  negative  is  sometimes  said  to  be  hound  by  the  attraction  of  the 
positive  charge  on  C.  We  should  then  remove  the  finger  and  finally 
the  rod.  The  negative  would  then  be  free  to  pass  to  the  leaves 
and  cause  them  to  diverge.  The  electroscope  would  thus  be 
charged  negatively.  This  is  often  one  of  the  most  convenient 
methods  of  charging  an  electroscope.  It  should  always  be  used 
where  it  is  desired  to  obtain  a  charge  of  opposite  sign  to  that  of  the 
charging  body.  If  it  is  desired  to  obtain  a  charge  on  the  electro- 
scope of  like  sign  to  that  of  the  charging  body  we  simply  touch  the 
body  directly  to  the  knob  of  the  electroscope,  and  thus  charge  it  by 
conduction  rather  than  by  induction. 

One  advantage  of  charging  by  induction  lies  in  the  fact  that 
the  charging  body  loses  none  of  its  own  charge,  whereas,  in  charging 
by  conduction  the  charging  body  must  of  course  part  with  a  portion 
of  its  charge. 

23.  Positive  and  Negative  Electricities  Always  Appear  Simul=» 
taneously  and  in  Equal  Amounts.  If  a  strip  of  flannel  is  stuck  fast 
to  one  side  of  a  rod  of  sealing  wax  and  rubbed  back  and  forth  over  a 
a  second  rod  of  sealing  wax,  and  if  then  the  two  bodies  are 
brought  near  the  knob  of  a  charged  electroscope  before  they  are 
separated,  it  is  found  that  they  give  no  evidence  at  all  of  electri- 
fication.     But  if   they   are   separated    and    brought   in  succession 
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to  the  knob  of  the  electroscope,  they  will  exhibit  positive  and 
negative  charges  of  equal  strength,  the  flannel  being  positive  and 
the  bare  sealing  wax  negative.  Similarly,  when  a  glass  rod  is  charged 
positively  by  rubbing  it  with  silk,  the  silk  when  tested  is  always  found 
to  possess  a  negative  charge.  These  experiments  show  that  in  pro- 
ducing electrification  by  friction,  positive  and  negative  charges  appear 
simultaneously  and  in  equal  amount.  This,  confirms  the  view, 
already  brought  forward  in  connection  with  induction,  that  the  process 
I  of  electrification  always  consists  in  a 

separation  of  positive  and  negative 
charges  which  already  exist  in 
equal  amounts  within  the  bodies  in 
which  the  electrification  is  develop- 
ed. Certain  it  is  that  it  is  never 
possible  to  produce  in  any  way  what- 
Fig.22.  showingthatanEiectricCharge  ^ver  one  kind  of  electricity  without 

Lies  on  Outer  Surface  of  Conductor.        producing  at  the  same  time  an  equal 

amount  of  the  opposite  kind. 

24.  An  Electrical  Charge  Resides  upon  the  Outside  Surface  of  a 
Conductor.  If  a  deep  metal  cup  is  placed  upon  an  insulating  stand 
and  charged  as  strongly  as  possible,  either  from  a  charged  rod  or  from 
an  electrical  machine  (see  Fig.  22),  and  a  metal  ball  suspended  by  a 
silk  thread  is  touched  to  the  inside  of  the  cup,  the  ball  is  found  upon 
removal  to  show  no  evidence  of  charge  when  brought  near  the  knob 
of  the  electroscope.  If,  on  the  other  hand,  the  ball  is  touched  to  the 
outside  of  the  cup,  it  exhibits  a  strong  cnarge.  Or,  again,  if  the  metal 
ball  is  first  charged  and  then  touched  to  the  inside  of  the  cup,  it  loses 
completely  its  charge,  even  though  the  cup  itself  may  be  very  strongly 
charged.  These  experiments  show  that  an  electric  charge  resides 
entirely  on  the  outside  surface  of  a  conductor.  This  is  a  result  which 
might  have  been  inferred  from  the  fact  that  all  the  little  electrical 
charges  of  which  the  total  charge  is  made  up  repel  each  other  and 
therefore  move  through  the  conductor  until  they  are  on  the  average 
as  far  apart  as  possible,  that  is,  until  they  are  all  upon  the  surface. 

25.  Density  of  Charge  Greatest  where  Curvature  of  Surface  is 
Greatest.  Since  all  of  the  parts  of  an  electrical  charge  tend,  because 
of  their  mutual  repulsions,  to  get  as  far  apart  as  possible,  we  might 
infer  that  if  a  charge  of  either  sign  is  placed  upon  an  oblong  conductor, 
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like  that  of  Fig.  23  (1),  it  would  distribute  itself  so  that  the  electrifica- 
tion at  the  ends  will  be  stronger  than  that  in  the  middle.  The  cor- 
rectness of  this  inference  is  easy  to  verify  experimentally,  for  it  is  only 
necessary  to  attach  a  penny  to  the  end  of  a  piece  of  sealing  wax  and 
touch  it  first  to  the  middle  of  a  long  charged  conductor,  and  then 
bring  it  over  the  knob  of  the  electroscope,  then  to  repeat  tjie  operation 
when  the  penny  is  touched  to  the  end  of  the 
conductor.  The  electroscope  will  be  affected    /^^^-=^~~-~-'  ""^\ 

much  more  strongly  in  the  latter  case  than   Vv— — _- .^_ /; 

in  the  former.       If  we  should  test  in  this 

way  the  distribution  on  a  pear-shaped  body,  ^^_ 

Fig.  23  (2),  we  should  find  the  density  of    f        i'^''^'''^^^"     ^, 
electrification   considerably  greater  on   the     W^_r^rrrrr^^^^— — '' 
small  end  than  on  the  large  end.   By  density  pj    33.  variation  of  Electric 
of  electrification   is  meant  the  quantity  of      Charge  with  curvature  of 
electricity  on  unit-area  of  the  surface. 

26.  The  Discharging  Effect  of  Points.  It  might  be  inferred 
from  the  above  that  if  one  end  of  a  pear-shaped  body  is  made  more 
and  more  pointed,  then,  when  a  charge  is  imparted  to  the  body,  the 
electric  density  on  the  small  end  will  become  greater  and  greater  as 
the  curvature  of  this  end  is  made  less  and  less.     That  this  is  in  fact 

the  case  is  indicated  by  the  effect 

which  experiment  shows  that  points 

_j_  /  J,       have  upon  electrical  charges;  for  if 

.  \  I  a  very  sharp  needle  is  attached  to 

^  any  insulated   conductor   which    is 

provided    with    paper   or   pith-ball 

indicators  (as  shown  in  Fig.  18),  it 

,      .  is    found   impossible  to  impart   fo 

y  ^      the  body  a  permanent  charge;  that 

Fig.  24.    Influence  of  Pointed  Conductor  is,    if     One     attempts     tO    charge     it 
upon  Electric  Charge.  . 

by  rubbing  over  it  a  charged  glass 
rod  or  other  charged  body,  the  indicators  will  be  found  to  collapse 
as  soon  as  the  rod  is  removed.  That  this  is  due  to  an  effect  of  the 
point  can  be  proved  either  by  removing  the  needle,  or  by  covering  uj) 
the  point  with  wax,  when  the  charge  w^ill  be  retained,  as  in  the  case  of 
any  insulated  bo<^ly.  The  probable  explanation  of  the  phenomenou 
is  as  follows: 
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The  density  of  the  charge  becomes  so  intense  upon  the  point  that  the 
molecules  of  air  immediately  adjoining  the  point  are  broken  apart  into  posi- 
tive and  negative  parts,  and  the  portions  which  are  of  like  sign  to  the  charge 
on  the  point  are  attracted  to  it,  thus  neutralizing  the  charge  upon  the  body, 
while  the  portions  of  unlike  sign  are  repelled  away. 

The  effect  of  points  upon  an  electrical  charge  may  be  shown 
very  strikingly  by  holding  a  very  sharp  needle  in  the  hand  and  bring- 
ing it  toward  the  knob  of  a  charged  electroscope.  The  leaves  will 
fall  together  rapidly.  Or,  if  the  needle  is  brought  near  a  tassel  of 
tissue  paper  which  is  attached  to  an  electrified  conductor  (see  Fig. 
24),  the  electrified  streamers,  which  stand  out  in  all  directions  because 
of  their  mutual  repulsions,  will  at  once  fall  together.  In  both  of  these 
cases  the  needle  becomes  electrified  by  imliiction  and  discharges  to  the 
knob  of  the  electroscope,  or  to  the  tassel,  electricity  of  opposite  sign 
to  that  which  it  contains,  thus  neutralizing  its  charge. 

^ An  interesting  variation   of   the   last   ex- 

periment is  to  mount  an  electric  whirl  (see 
J       Fig.   25)   upon  one    knob   of  an    electrical 
machine.    As  soon  as  the  machine  is  started, 
.the  whirl  will  rotate  rapidly  in  the  direction 
of  the  arrow.  The  explanation  is  as  follows: 
( )n  account  of  the  great  magnitude  of  the 
electric  force  near  the  points,  the  molecules 
'''^''KHob  orSectKr  ""       ^>^  the  gas  just  in  front  of  them  are  broken 
Machine.  -^^^^  positive  and  negative  {)arts.     The  part 

of  sign  like  that  of  the  charge  on  the  points  is  drawn  to  them,  while 
the  other  part  is  repelled.  But  since  this  repulsion  is  mutual,  the 
point  is  pushed  back  with  the  same  force  with  which  the  particles 
are  pushed  forward;  hence  the  rotation.  The  repelled  particles 
in  their  turn  drag  the  air  with  them  in  their  forward  motion,  and 
thus  produce  the  electric  wind,  which  may  be  detected  easily  by  the 
hand  or  by  a  candle  held  in  front  of  the  point. 

27.  The  Lightn  ing  Rod.  The  discharging  effect  of  a  sharp  point 
is  utilized  in  the  lightning  rod,  invented  by  P'ranklin  in  1752.  The 
way  in  which  the  rod  discharges  the  cloud  and  protects  the  building 
is  as  follows :  As  an  electrically  charged  cloud  approaches  a  building 
provided  with  a  lightning  rod,  it  induces  an  opposite  charge  in  the 
earth  and  in  the  rod  which  is  connected  to  the  earth.  As  soon  as  the 
charge  on  the  point  becomes  strong  enough  to  break  apart  the  mole- 
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cules  of  the  air  in  front  of  it,  a  stream  of  electrified  particles,  of  sign 
opposite  to  that  of  the  charge  on  the  cloud,  passes  from  the  neighborhood 
of  the  rod  to  the  cloud  and  thus  neutralizes  the  charge  of  the  cloud.  We 
are  accustomed  to  say  merely  that  the  point  discharges  the  cloud. 

28.  Electrical  Potential.  There  is  a  very  instructive  analogy 
between  the  use  of  the  word  potential  in  electricity  and  pressure  in 
hydrostatics.  For  example,  if  water  will  flow  from  tank  A  (Fig.  26) 
to  tank  B  through  the  connecting  pipe  R,  we  infer  that  the  hydro- 
static pressure  at  a  must  be  greater  than  that  at  6,  and  we  attribute  the 
flow  directly  to  this  difference  in  pressure.  In  precisely  the  same  way, 
if,  when  two  bodies  .1  and  B  (Fig.  27)  are  connected  by  a  conducting 
wire  r,  a  charge  of  positive  electricity  is  found  to  pass  from  A  to  B,  or 
of  negative  from  B  to  A,  we  are  accustomed  to  say  that  the  electrical 
potential  is  higher  at  A  than  at  B,  and  we  assign  this  difference  of 
potential  as  the  cause  of  the  flow.  Thus,  just  as  water  tends  to  flow 
from  points  of  higher  hydrostatic 
pressure  to  points  of  lower 
hydrostatic  pressure,  so  electricity 
is  conceived  of  as  tending  to 
flow  from  points  of  higher  elec- 
trical pressure  or  potential  to 
points  of  lower  electrical  pres- 
sure or  potential. 

Again,  if  water  is  not  continu- 
ously supplied  to  one  of  the  tanks 
of  Fig.  20,  we  know  that  the  })res- 
sures  at  a  and  h  must  soon  be- 
come the  same.  Similarly,  if  no 
electricity  is  supplied  to  the  bodies  A  and  B  of  Fig.  27,  their  poten- 
tials very  quickly  become  the  same.  In  other  words,  all  points 
on  a  system  of  connected  conductors  in  which  the  electricity  is  in  a 
stationary,  or  static,  condition  are  necessarily  at  the  same  potential; 
for  if  this  were  not  the  case,  then  the  electricity  which  we  imagine 
all  conductors  to  contain  would  move  through  the  conductor  until 
the  potentials  of  all  points  were  equalized.  In  other  words, 
equality  in  the  potentials  of  all  points  on  a  conductor  in  the  static 
condition  follows  at  once  from  the  fact  of  mobility  of  electrical 
charges  through  or  over  a  conductor. 
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Fig.  26. 
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Fig. 


Fijrs.  36  and  27.    Illustrating  Analogy  be- 
tween Klectrie  Potential  and 
Hydrostatic  I'ressure. 
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But  if  water  is  continually  poured  into  A  (Fig.  26)  and  removed 
from  B,  the  pressure  at  a  will  remain  permanently  above  the  pressure 
at  b,  and  a  continuous  flow  of  water  will  take  place  through  R.  Simi- 
larly if  A  (Fig.  27)  is  connected  with  an  electrical  machine  and  B  to 
earth,  a  permanent  potential  difference  will  exist  between  A  and  B 
and  a  continuous  current  of  electricity  will  flow  through  r.  Difference 
in  potential  is  commonly  denoted  simply  by  the  letters  P.  D.  (potential 
difference). 

^^^len  we  speak  simply  of  the  potential  of  a  body  we  mean  the 
difjerence  of  potential  which  exists  between  the  body  and  the  earth, 
for  the  electrical  condition  of  the  earth  is  always  taken  as  the  zero  to 
which  the  electrical  conditions  of  all  other  bodies  are  referred.  Thus 
a  body  which  is  positively  charged  is  regarded  as  one  which  has  a 
potential  higher  than  that  of  the  earth,  while  a  body  which  is  nega- 
tively charged  is  looked  upon  as  one  which  has  a  potential  lower  than 
that  of  the  earth.     Fig.  28  represents  the  hydrostatic  analogy  of 

positively  and  negatively 
charged  bodies.  Since  it 
has  been  decided  to  regard 
the  flow  of  electricity  as 
taking  place  from  a  point 
of  higher  to  that  of  lower 
potential,  it  will  be  seen 
that  when  a  discharge  takes 
place  between  a  negatively 
charged    body    and    the 
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Hydrostatic  Analogy  of  Positively  and 
Negatively  Charged  Bodies. 


earth  we  must  regard  the  positive  electricity  as  passing  from  the 
earth  to  the  body,  rather  than  the  negative  as  passing  from  th:  body 
to  the  earth.  This  is,  indeed,  a  mere  convention,  but  it  is  one  which 
it  is  very  important  to  remember  in  connection  with  the  study  of 
current  electricity.  From  the  point  of  view  of  the  electron  theory 
(§  20),  it  would  be  natural  to  invert  this  convention  exactly,  since 
this  theory  regards  the  negative  electricity  alon^  as  moving  through 
conductors.  But  since  the  opposite  convention  has  become  estab- 
lished, it  will  not  be  wise  to  attempt  to  change  it  until  the  electron 
theory  has  become  more  thoroughly  established  than  is  at  present 
the  case. 

29.    Some    Methods   of    Measjuring    Potentials.     One   of   the 
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simplest  methods  of  comparing  the  potential  difference  which  exists 
between  any  two  charged  bodies  and  the  earth,  is  to  connect  the 
charged  bodies  successively  to  the  knob  of  an  electroscope,  the  con- 
ducting case  of  which  is  in  electrical  connection  with  the  earth.  The 
amount  of  separation  of  the  gold  leaves  is  then  a  measure  of  the  P.  D. 
between  the  earth  and  the  charged  body. 

Another  very  convenient  way  of  measuring  approximately  a 
very  large  P.  D.  is  to  measure  the  length  of  the  spark  which  will  pass 
between  the  two  bodies  whose  P.  D.  is  sought.  This  P.  D.  is  approxi- 
mately proportional  to  the  spark  length,  provided  the  dimensions  of 
the  bodies  are  large  in  comparison  with  the  distance  between  them, 
each  cent'meter  of  spark  length  representing  a  P.  D.  of  about  30,000 
volts. 

30.  Condensers.  It  a  metal  plate  A  is  mounted  on  an  insulating 
plate  and  connected  wth  an  electroscoDe,  9<!  ^'n  Fig.  ?Q    and  \f  a 

A  B 


Fig.  2?«.    Illustrating;  the  PriucipU;  of  the  Condeivser. 

second  plate  B  is  similarly  mounted  and  connected  to  earth,  then, 
when  a  charge  is  placed  on  A,  it  will  be  found  that  the  gold  leaves  fall 
together  as  B  approaches  A  and  diverge  farther  as  B  recedes  from  A. 
This  shows  that  the  potential  of  A  is  diminished  by  bringing  B  close 
to  it,  in  spite  of  the  fact  that  the  quantity  of  electricity  on  A  has 
remained  unchanged.  If  we  convey  additional  plus  charges  to  ^,we 
find  that  many  times  the  original  amount  of  electricity  may  be  placed 
on  A  when  B  is  close  to  it,  before  the  leaves  return  to  their  original 
divergence,  that  is,  before  the  body  regains  its  original  potential. 

We  say,  therefore,  that  the  capacity  of  A  for  holding  electricity 
has  been  very  greatly  increased  by  bringing  near  it  another  conductor 
which  is  connected  to  earth.  It  is  evident  from  this  statement  that 
we  measure  the  capacity  of  a  body  by  the  amount  of  electricity  which 
must  be  put  upon  it  in  order  to  raise  its  potential  to  a  given  point.     The 
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explanation  of  the  increase  of  capacity  in  this  case  is  obvious.  As 
soon  as  B  was  brought  near  to  A,  it  became  charged,  by  induction, 
with  electricity  of  sign  opposite  to  that  of  A,  the  electricity  of  sign 
like  that  of  A  l)eing  driven  off  to  earth  through  the  connecting  wire. 
The  attraction  between  these  opposite  charges  on  A  and  B  drew  the 
electricity  on  A  to  the  face  nearest  to  B,  and  removed  it  from  the  more 
remote  parts  of  A,  so  that  it  became  possible  to  put  a  very  much 
larger  charge  on  A  before  the  tendency  of  the  electricity  on  A  to  pass 
over  to  the  electroscope  became  as  great  as  at  first,  that  is,  before  the 
potential  of  A  rose  to  its  original  value.  Under  circumstances  of 
this  sort  the  electricity  on  A  is  said  to  be  bound  by  the  opposite  elec- 
tricity on  B. 

An  arrangement  of  this  sort  consisting  of  two  conductors  sepa- 
rated by  a  nonconductor  is  called  a  condenser.  If  the  conducting 
points  are  very  close  together  and  one  of  them  is  joined  to  earth,  the 
capacity  of  the  system  may  be  thousands  of  times  as  great  as  that  of 
one  of  the  plates  alone. 

31.  The  Leyden  Jar.  The  most  common  form  of  condenser  is 
a  glass  jar  coated  part  way  to  the  top  inside  and  outside  with  tinfoil 
(Fig.  30).     The  inside  coating  is  connected  by  a  chain  to  the  knob, 

while  the  outside  coating  is  con- 
nected to  earth.  Condensers  of 
this  sort  first  came  into  use  in 
Leyden,  Holland,  in  1745. 
Hence  they  are  now  called  Leyden 
jars. 

Such  a  jar  is  charged  by  hold- 
ing the  knob  in  contact  with  one 
terminal  of  an  electrical  machine 
and  connecting  the  outer  coat  to 
earth  either  by  a  wire  or  simply 
by  holding  it  with  the  hand.  As 
fast  as  electricity  passes  to  the  knob,  it  spreads  to  the  inner  coat  of 
the  jar  where  it  attracts  electricity  of  the  opposite  kind  from  the  earth 
to  the  outer  coat,  repelling  electricity  of  the  same  kind.  If  the  inner 
and  outer  coatings  are  now  connected  by  a  discharging  rofl  (as  in 
Fig.  30),  a  very  jK)werful  spark  will  l)e  produced.  If  a  charged  jar 
is  placed  on  a  glass  plate  so  as  to  insulate  the  outer  coat,  the  knob 
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may  be  touched  with  tiie  finger  and  no  appreciable  discharge  noticed. 
Similarly  the  outer  coat  may  be  touched  with  the  finger  with  the  same 
result.  But  if  the  inner  and  outer  coats  are  connected  with  the  dis- 
charger, a  powerful  spark  passes. 

The  experiment  shows  that  it  is  impossible  to  discharge  one  side 
of  the  jar  alone,  for  practically  all  of  the  charge  is  bound  by  the  opposite 
charge  on  the  other  coat.  Therefore,  the  full  discharge  can  occur 
only  when  the  inner  and  outer  coats  are  connected. 

32.     Electrical   Screens.    We   have   seen   that   if   a   positively 
charged  body  A  (Fig.  31)  is  brought  near  an  uncharged  conductor 
B,  negative  electricity  is  attracted  to  the  near  end  of  the  conductor  and 
j)ositive  electricity   appears   on   the 
remote   end.     This   appearance    of    /^aN 

the  two  opposite  charges  on  the  two    I        )     \1 !E i) 

opposite    ends     of    the    conductor 

^^  Fig.  31.    Illustrating  Principle  of  the 

evidently  tends  to  create  a  field  of  Electrical  screen. 

force  at  any  point  p,  inside  the  con- 
ductor, which  is  opposite  in  direction  to  the  field  due  to  the  charge  on 
A.  Since  the  electricity  within  the  conductor  is  free  to  move  under 
the  influence  of  any  electrical  force  which  is  acting  upon  it,  it  is  clear 
that  the  accumulation  of  negative  electricity  at  one. end  and  of  positive 
at  the  other  will  cease  only  when  all  electrical  forces  inside  the  con- 
ductor are  reduced  to  zero,  that  is,when  the  charges  on  A  and  B,  acting 
jointly,  neutralize  one  another  completely  at  any  point  p  within  the 
conductor.  It  appears,  therefore,  that  the  distribution  of  the  induced 
charge  on  the  surface  of  a  conductor  in  the  electrical  field  of  a  charged 
body  must  always  be  such  that  there  is  no  force  whatever  inside  the 
body.  This  theoretical  conclusion  was  first  experimentally  verified 
by  Faraday,  who  coated  a  large  box  with  tinfoil  and  went  inside  the 
box  with  delicate  electroscopes.  He  found  that  these  electroscopes 
showed  no  effects  whatever,  even  when  powerfully  charged  bodies 
were  brought  near  the  outside  of  the  box.  The  experiment  is  often 
repeated  in  a  small  way  by  placing  an  electroscope  under  a  wire  cage 
of  rather  small  mesh.  A  charged  rod  brought  near  the  cage  will  pro- 
duce no  effect  whatever  upon  the  electroscope.  We  thus  learn  that 
electrical  influences  can  be  completely  cut  off  from  a  body  by  sur- 
rounding it  on  all  sides  with  a  conductor. 


35 


26 


ELECTRICITY  AND  MAGNETISM 


ELECTRICAL  GENERATORS. 

33.  The  Electrophorus.  The  electro phorus  is  a  simple  elec- 
trical generator  which  illustrates  well  the  principle  underlying  the 
action  of  all  electrostatic  machines.  All  such  machines  generate 
electricity  primarily  by  induction,  not  by  friction.  B  (Fig.  32)  is  a 
hard  rubber  plate  which  is  first  charged  by  rubbing  it  with  fur  or 
Hannel.  A  is  a  metal  plate  provided  with  an  insulating  handle. 
When  the  plate  A  is  placed  upon  B,  touched  with  the  finger,  and  then 
removed,  it  is  found  possible  to  draw  a  spark  from  it,  which  in  dry 

weather  may  be  a  quarter  of  an 
inch  or  more  in  length.  The  proc- 
ess may  be  repeated  an  indefi- 
nite number  of  times  without 
producing  any  diminution  in  the 
size  of  the  spark  which  may  be 
drawn  from  A . 

If  the  sign  of  the  charge  on  .1 
is  tested  by  means  of  an  electro- 
Fig.  33.    The  Electrophorus.  SC«Pe>  it  wiU  be  fouud  tO  be  posi- 
tive. This  proves  that  A  has  been 
charged  by  induction,  not  by  contact  with  B,  for  it  is  to  be  remembered 


Fig.  33.    Toepler-Holtz  Static  Machine. 

that  the  latter  is  charged  negatively.     The  reason  for  this  is  that  evrn 
when  .1  rests  ujx)n  B  it  is  in  reality  separated  from  it,  at  all  l)ut  a  very 
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few  points,  by  an  insulating  layer  of  air;  and,  since5  is  a  non-conductor, 
its  charge  cannot  pass  off  appreciably  through  these  few  points  of 
contact.  It  simply  repels  negative  electricity  to  the  top  side  of  the 
metal  plate  A,  and  draws  positive  to  the  lower  side  of  this  plate.  The 
negative  passes  off  to  earth  when  the  plate  is  touched  with  the  finger. 
Herwce,  when  the  finger  is  removed  and  A  lifted,  is  possesses  a  strong 
positive  charge. 

34.  The  Toepler=Holtz  Static  Machine.  The  ordinary  static 
machine  is  nothing  but  a  continuously  acting  electrophorus.  Fig.  33 
represents  one  type  of  such  machine.  Upon  the  back  of  the  stationary 
glass  plate  E  are  pasted  paper  sectors,  beneath  which  are  strips  of 
tinfoil  A  B  and  C  D,  called  inductors.  In  front  of  ^  is  a  revolving 
glass  plate  carrying  disks  /,  m,  n,  o,  p,  and  q,  called  carriers.  To  the 
inductors  .1  B  and  C  D  are  fastened  metal  arms  t  and  ti,  which  bring 
C  and  D  into  electrical  contact  with  the  disks  /,  m,  n,  o,  p,  and  q, 
when  these  disks  pass  beneath  the  tinsel  brushes  carried  by  t  and  u. 
A  stationary  metallic  rod  r  s  carries  at  its  ends  stationary  brushes  as 
well  as  sharp-pointed  metallic  combs.  The  two  knobs  R  and  S 
have  their  capacity  increased  by  the  Leyden  jars  L  and  Z.' 

The  action  of  the  machine  is  best  understood  from  the  diagram 
(Fig.  34).  Suppose  that  a  small  +  charge  is  originally  placed  on  the 
inductor  CD.  Induction  takes  place  in  the  metallic  system  consisting 
of  the  disks  I  and 

c=-o— 66— =oo 


0  and  the  rod  r  s, 

1  becoming  nega- 
tively charged, 
and  o  positively 
charged.  As  the 
plate  carrying  /, 
VI,  n,  o,  p,  q 
.rotates  in  the 
direction  of  the 
arrows,  the  nega- 
tive charge  on  /  is 
carried  over  to 
the   position    m, 

where    a  part  of  it  passes   over  to  the  inductor  A  B,  thus  charg- 
ing it  negatively.     When  I  reaches  the  position  n,  the  remainder 


Fig.  34.    Illustrating  Action  of  Static  Machine. 
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of  its  charge,  being  repelled  by  the  negative  which  is  now  on  A  B, 
passes  over  into  the  Leyden  jar  L.  When  /  reaches  the  position 
o,  it  again  becomes  charged  by  induction,  this  time  positively, 
and  more  strongly  than  at  first,  since  now  the  negative  on  A  B,  as 
well  as  the  positive  on  C  D,  is  acting  inductively  upon  the  rod  r  s. 
When  I  reaches  the  position  u,  a  part  of  its  now  strong  positive  charge 
passes  to  C  D,  thus  increasing  the  positive  charge  upon  this  inductor. 
In  the  position  v,  the  remainder  of  the  positive  charge  on  /  passes  over 
to  L',  This  completes  the  cycle  for  /.  Thus,  as  the  rotation  con- 
tinues, A  B  and  C  D  acquire  stronger  and  stronger  charges,  the  induc- 
tive action  upon  r  s  becomes  more  and  more  intense,  and  positive 
and  negative  charges  are  continuously  imparted  to  L  and  L'  until  a 
discharge  takes  place  between  the  knobs  R  and  S. 

There  is  usually  sufficient  charge  on  one  of  the  inductors  to 
start  the  machine,  but  in  damp  weather  it  is  often  found  necessary 
to  apply  a  charge  to  one  of  them  by  means  of  a  piece  of  sealing  wax 
or  a  glass  rod  before  the  machine  will  work. 

ELECTRICITY  IN  MOTION— ELECTRICAL  CURRENTS 

35.    The  Magnetic  Effect  Due  to  a  Charge  in   Motion.    An 

electrical  charge  at  rest  produces  no  magnetic  eftect  whatever.  This 
can  be  proved  by  bringing  a  charged  body  near  a  compass  needle  or 
suspended  magnet.     It  will  attract  both  ends  equally  well  by  virtue 

of  the  principle  of  electro- 
static induction.  If  the 
effect  were  magnetic,  one 
end  should  be  repelled  and 
the  other  attracted.  Again, 
if  a  sheet  of  zinc,  aluminum, 
or  copper  is  inserted  between 
the  deflected  needle  and  the 
charge,  all  effect  which  was 
produced  upon  the  needle 
by  the  charge  will  be  cut  off, 
for  the  metallic  sheet  will  act  as  an  electric  screen  (cf.  §  32).  But  if 
such  a  metal  screen  is  inserted  between  a  compass  needle  and 
magnet,  its  insertion  has  no  effect  at  all  on  the  magnetic  forces 
(cf.§5). 


Fig.  35.     Demonstrating  Magnetic  Effect  of 
Electric  Current. 
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If,  however,  a  charged  Leyden  jar  is  discharged  through  a  coil 
which  surrounds  an  unmagnetized  knitting  needle  in  the  manner 
shown  in  Fig.  35,  the  needle  will  be  found  after  the  discharge  to  have 
become  distinctly  magnetized.  If  the  sign  of  the  charge  on  the  jar  is 
reversed,  the  poles  will,  in  general,  be  reversed  also. 

This  experiment  demonstrates  the  existence  of  some  connection 
between  electricity  and  magnetism.     Just  what  this  connection  is,  is 
not  yet  known  with  certainty;  but  it  is  known  that  magnetic  ejjeds 
are  always  observable  near  the  path  of  a  moving 
electrical  charge,  while  no   such  effects  can  ever 
be  observed  near  a  charge  at  rest. 

An  electrical  charge  in  motion  is  called  an 
electrical  current,  and  the  presence  of  such  current 
in  a  conductor  is  most  commonly  detected  by  the 
magnetic  effect  which  it  produces. 

36.  The  Galvanic  Cell.  When  a  Teydcn 
jar  is  discharged,  but  a  very  small  quantity  of 
electricity  passes  through  the  connecting  wires, 
since  the  current  lasts  but  a  small  fraction  of  a 
second.  If  we  could  keep  the  current  flowing 
continuously  through  the  wire,  we  should  expect 
the  magnetic  effect  to  be  more  pronounced.  This  might  be  done  by 
discharging  Leyden  jars  in  rapid  succession  through  the  wire.  In 
1786,  however,  Galvani,  an  Italian  anatomist  at  the  University  of 
Bologna,  accidentally  discovered  that  there  is  a  chemical  method  for 
producing  such  a  continuous  current.  His  discovery  was  not  under- 
stood, however, 
until  Volta,  pro- 
fessor of  physics 
at  Como,  devis- 
ed an  arrange- 
ment which  is 
now  known 
sometimes  as  the 
voltaic,  some- 
times as  the  galvanic  cell. 

Such  a  cell  consists  in  its  simplest  form  of  a  strip  of  copper  and  a 
strip  of  zinc  immersed  in  dilute  sulphuric  acid  (Fig.  36) .     If  the  wires 


Fig.  36. 

Simplest.  Form  of 

tialvanic  Cell. 


Fig.  37. 


Demonstrating  Flow  and  Magnetic  Effects  of 
Current  from  Galvanic  Cell. 
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leading  from  tlie  copper  and  the  zinc  are  connected  for  a  few  seconds 
to  the  end  of  the  coil  of  Fig.  35,  when  an  inimagnetized  needle  lies 
within  this  coil,  the  needle  will  be  found  to  be  much  more  strongly 
magnetized  than  it  was  when  the  Leyden  jar  was  discharged  through 
the  coil.  Or,  if  the  wire  connecting  the  copper  and  zinc  is  simply  held 
above  the  needle  in  the  manner  shown  in  Fig.  37,  the  latter  will  be 
found  to  be  strongly  deflected.  It  is  evident  from  these  experiments 
that  the  wire  which  connects  the  terminals  of  a  galvanic  cell  carries  a 
current  of  electricity.  Historically  the  second  of  these  experiments, 
performed  by  the  Danish  physicist  Oersted  in  1819,  preceded  the  dis- 
covery of  the  magnetizing  effect  of  currents  upon  needles.  It  created 
a  great  deal  of  excitement  at  the  time  because  it  was  the  first  clew 
which  had  been  found  to  a  relationship  between  electricity  and 
magnetism. 

It  might  be  inferred  from  the  above  experiments  that  the  two 
plates  of  a  galvanic  cell  when  not  connected  by  a  wire  carry  static 
positive  and  negative  charges  just  as  do  the  two  coats  of  a  Leyden 
jar  before  it  is  discharged  through  the  wire.  This  inference  can  be 
easily  verified  with  an  electroscope. 

Thus,  if  a  metal  plate  A  (Fig.  38)  covered  with  shellac  on  its 
lower  side  and  provided  with  an  insulating  handle,  is  placed  upon  a 

similar  plate  B  which  is  in  contact 
with  the  knob  on  an  electroscope; 
and  if  the  copper  plate,  for  ex- 
ample, of  a  galvanic  cell  is  con- 
nected to  A  and  the  zinc  to  B;  then, 
when  the  connecting  wires  are  re- 
moved and  the  plate  A  lifted  away 
from  B,  the  leaves  of  the  electro- 
scope will  diverge  and  when  tested 
will  be  found  to  be  negatively 
charged.  If  the  deflection  observed 
in  the  leaves  of  the  electroscope  is  too  small  for  purposes  of  demon- 
stration, the  conditions  can  be  bettered  by  using  a  battery  of  from 
five  to  ten  cells  instead  of  the  single  cell.  If,  however,  the  plates  A 
and  B  are  sufficiently  large — say,  three  or  four  inches  in  diameter — 
and  if  their  surfaces  Oi-e  very  flat,  a  single  cell  will  be  found  to  be 
sufficient.     If,  on  the  other  hand,  the  copper  plate  is  connected  to  B 


Fig.  88.    Showing  Existence  of  Static 
Charges  on  Plates  of  Galvanic  Cell. 
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and  the  zinc  to  A  in  the  above  experiment,  the  electroscope  will  be 
found  to  be  positively  charged.  This  shows  clearly  that  the  copper 
plate  possesses  a  positive  electrical  charge,  while  the  zinc  plate  pos- 
sesses a  negative  charge,  these  charges  originating  in  the  chemical 
action  within  the  galvanic  cell. 

In  this  experiment  the  two  metal  plates  separated  by  shellac 
constitute  an  electrical  condenser  which  is  charged  positively  on 
one  side  and  negatively  on  the  other  by  connecting  it  with  the  two 
plates  of  the  galvanic  cell,  in  precisely  the  same  way  in  which  a 
Leyden  jar  is  charged  by  connecting  its  two  coats  one  to  one  terminal 
and  the  other  to  the  other  terminal  of  a  static  machine.  The  potential 
of  plate  B  is  increased  bymoving  A  awayfrom  it,  just  as  in  the  arrange- 
ment shown  in  Fig.  29  the  potential  of  A  was  increased  by  moving 
B  away  from  it.  This  device  makes  it  possible  to  detect  very  small 
potential  differences. 

37.  Comparison  of  a  Galvanic  Cell  and  Static  Machine.  If  one 
of  the  terminals  of  a  galvanic  cell  is  touched  directly  to  the  knob  of 
the  gold-leaf  electroscope  without  the  use  of  the  condenser  plates 
A  and  B  of  Fig.  38,  no  divergence  of  the  leaves  can  be  detected ;  but 
if  one  knob  of  a  static  machine  in  operation  were  so  touched,  the 
leaves  would  be  thrown  apart  very  violently.  Since  we  have  seen 
that  the  divergence  of  the  leaves  is  a  measure  of  the  potential  of  the 
body  to  which  they  are  connected,  we  learn  from  this  experiment  that 
the  chemical  actions  going  on  in  a  galvanic  cell  are  able  to  produce 
between  its  terminals  but  very  small  potential  differences  in  com- 
parison with  that  produced  by  the  static  machine  between  its 
terminals.  As  a  matter  of  fact,  the  potential  difference  between 
the  terminals  of  the  cell  is  but  one  volt  (cf.  §  40),  while  that 
between  the  terminals  of  an  electrical  machine  may  be  severa. 
hundred  thousand  volts. 

On  the  other  hand,  if  the  knobs  of  the  static  machine  are  con- 
nected to  the  ends  of  the  wire  shown  in  Fig.  37,  and  the  machine 
operated,  the  current  will  not  be  large  enough  to  produce  any 
appreciable  effect  upon  the  needle.  Since,  under  these  same 
circumstances  the  galvanic  cell  produced  a  very  large  effect 
upon  the  needle,  we  learn  that  although  the  cell  develops  a 
much  smaller  P.  D.  than  does  the  static  machine,  it  neverthe- 
less sends  through  the  wire  a  very  much  larger  amount  of  electricity 
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per  second.  This  means  merely  that  the  chemical  actions  which 
are  going  on  within  the  cell  are  able  to  recharge  the  plates  when 
they  become  discharged  through  the  electric  wire,  far  more  rapidly 
than  is  the  static  machine  able  to  recharge  its  terminals  after  they 
have  once  been  discharged. 

38.  Shape  of  the  Magnetic  Field  about  a  Current.  If  we  place 
the  wire  which  connects  the  plates  of  a  galvanic  cell  in  a  vertical 
position  (see  Fig.  39),  and  explore  with  a  compass  needle  the  shape 
of  the  magnetic  field  about  the  current,  we  find  that  the  magnetic 
lines  are  concentric  circles  lying  in  a  plane  perpendicular  to  the  wire 
and  having  the  wire  as  their  common  center.  If  we  reverse  the 
direction  of  the  current,  we  find  that  the  direction  in  which  the  com- 
pass needle  points  reverses  also.  If  the  current  is  very  strong  (say 
40  amperes),  this  shape  of  the  field  can  be  shown  by  scattering  iron 

filings  on  a  plate  through 
which  the  current  passes, 
in  the  manner  shown  in 
Fig.  39.  The  relation  be- 
tween the  direction  in  which 
the  current  flows  and  the 
direction  in  which  the  posi- 
tive end  of  the  needle'points 
(this  is,  by  definition,  the 
direction  of  the  magnetic 
field)  is  given  in  the  follow- 
ing convenient  rule:  //  the 
right  hand  grasps  the  wire 
as  in  Fig.  40,  so  that  the 
thumb  points  in  the  direction  in  which  the  positive  electricity  is  moving, 
that  is,  in  the  direction  from  the  copper  toward  the  zinc,  then  the  mag- 
netic lines  encircle  the  wire  in  the  same  direction  as  do  the  fingers  of 
the  hand.  Another  way  of  stating  this  rule  is  as  follows :  The  rela- 
tion between  the  direction  of  the  current  in  a  wire  and  the  direction  of 
the  magnetic  lines  about  it,  is  the  same  as  the  relation  between  the  direc- 
tion of  the  forward  motion  of  a  right-handed  screw  and  the  direction 
of  rotation  wheii  it  is  being  driven  in.  In  this  form  the  rule  is  known 
as  the  right-hand  screw  rule. 

39.  The  Measurement  of  Electrical  Currents.  Electrical  cur- 


Flg.  39.    Exploring  Magnetic  Field  around  a  Con- 
ductor by  means  of  Compass -and  Iron  Filings. 
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rents  are,  In  general,  measured  by  the  strength  of  the  magnetic 
effect  which  they  are  able  to  produce  under  specific  conditions. 
Thus,  if  the  wire  carrying  a  current  is  v/ound  into  circular  form  as  in 
Fig.  41,  the  right-hand  screw  rule  shows  us  that  the  shape  of  the  mag- 
netic field  at  the  center  of  the  coil  is  similar  to  that  shown  in  the  figure. 
If,  then,  the  coil  is  placed  in 
a  north-and-south  plane  and 
a  compass  needle  is  placed 
at  the  center,  the  passage  of 
the  current  through  the  coil 
tends  to  deflect  the  needle  so 
as  to  make  it  point  east  and 


^ 


Fig.  40.    Illustrating  Rigbt-Hand  Screw  Rule  for 
Determining  Direction  of  Magnetic  Field. 


west.  The  amount  of  deflection  under  these  conditions  is  taken  as 
the  measure  of  current  strength.  The  unit  of  current  is  called  the 
ampere  and  is  in  fact  approximately  the  same  as  the  current  which, 
flowing  through  a  circular  coil  of  three  turns  and  10  cm.  radius,  set 
in  a  north-and-south  plane,  will  produce  a  deflection  of  45  degrees 
at  Washington  in  a  small  compass  needle  placed  in  its  center  (as  in 
Fig.  41).  Nearly  all  current-measuring  instruments,  commonly 
called  ammeters  f  consist  essentially  either  of  a  small  magnet  sus- 
pended at  the  center 
of  a  fixed  coil  as  in 
Fig.  41,  or  of  a  mov- 
able coil  suspended 
between  the  poles  of 
a  fixed  magnet.  The 
passage  of  the  cur- 
rent through  the  coil 
produces  a  deflection, 
in  the  first  case,  of  the 
magnetic  needle  with  reference  to  the  fixed  coil,  and  in  the  second  case, 
of  the  coil  with  reference  to  the  fixed  magnet.  If  the  instrument 
has  been  suitably  calibrated,  the  amount  of  the  deflection  gives  at 
once  the  strength  of  the  current  in  amperes. 

40.  Electromotive  Force  and  its  Measurements.  The  potential 
difference  which  a  galvanic  cell  or  any  other  generator  of  electricity 
is  able  to  maintain  between  its  terminals  when  these  terminals  are 
not  connected  by  a  wire,  i.  e.,  the  total  electrical  pressure  which  the 


Fig.  41.    Arrangement  of  Circular  Conductor  and  Com- 
pass tor  Measuring  Current  Strength. 
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generator  is  capable  of  exerting,  is  commonly  called  its  electromotive 
force,  usually  abbreviated  to  E.  M.  F.  The  E.  M.  F.  of  an  electrical 
generator  may  then  be  defined  as  its  capacity  for  producing  electrical 
pressure,  or  P,  D.  This  P.  D.  might  be  measured,  as  in  §  §  29  and  36, 
by  the  deflection  produced  in  an  electroscope,  or  other  similar  instru- 
ment, when  one  terminal  was  connected  to  the  case  of  the  electro- 
scope and  the  other  terminal  to  the  knob.  Potential  differences  are 
in  fact  measured  in  this  way  in  all  so-called  electrostatic  voltmeters, 
which  are  now  coming  more  and  more  into  use. 

The   more   common   type   of   potential   difference   measurers, 
so-called  voltmeters,  consists,  however,  of   an  instrument  made  like 

an  ammeter,  save  that  the  coil  of 
wire  is  made  of  an  enormous  num- 
ber of  turns  of  extremely  fine  wire, 
so  that  it  carries  a  very  small  cur- 
rent. The  amount  of  current  which 
it  does  carry,  however,  and  there- 
fore the  amount  of  deflection  of  its 
needle  is  taken  as  proportional  to 
the  difference  in  electrical  pressure 
existing  between  its  ends  when  these 
are  touched  to  the  two  points  whose 
P.D.  is  sought.  The  principle 
underlying  this  type  of  voltmeter 
will  be  better  understood  from  a 
consideration  of  the  following  water 
analogy.  If  the  stop-cock  K  (Fig. 
42)  in  the  pipe  connecting  the 
w^ater  tanks  C  and  D  is  closed,  and 
if  the  water  wheel  A  is  set  in  motion  by  applying  a  weight  W, 
the  wheel  will  turn  until  it  creates  such  a  difference  in  the  water 
levels  between  C  and  D  that  the  back  pressure  against  the  left  face  of 
the  wheel  stops  it  and  brings  the  weight  W  to  rest.  In  precisely  the 
same  way,  the  chemical  action  within  the  galvanic  cell  whose  termi- 
nals are  not  joined  (Fig.  43)  develops  positive  and  negative  charges 
upon  these  terminals,  that  is,  creates  a  P.  D.  between  them,  until  the 
back  electrical  pressure  through  the  cell  due  to  this  P.  D.  is  sufhcient 


Fig.  42. 


Hydrostatic!  Analogy  of  Poteii' 
tial  Uifference. 


to  put  a  stop  to  further  chemical  action. 
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Now,  if  tlie  water  reservoirs  (Fig.  42)  are  put  in  communication 
by  opening  tlie  stop-cock  K,  the  difference  in  level  between  C  and  D  will 
begin  to  fall,  and  the  wheel  will  begin  to  build  it  up  again.  But  if 
the  carrying  capacity  of  the  pipe  a  6  is  small  in  comparison  with  the 
capacity  of  the  wheel  to  remove  water  from  D  and  to  supply  it  to  C, 
then  the  difference  of  level  which  permanently  exists  between  C  and 
D  when  K  is  open  will  not  be  appreciably  smaller  than  when  it  is 
closed.  In  this  case  the  current  which  flows  through  A  B  may 
obviously  be  taken  as  a  measure  of  the  difference  in  pressure  which  the 
pump  is  able  to  maintain  between  C  and  D  when  K  is  closed. 

In  precisely  the  same  way,  if  the  terminals  C  and  D  of  the  cell 
(Fig.  43)  are  connected  by  attaching  to  them  the  terminals  a  and  b  of 
any  conductor,  they  at  once  begin  to  disr 
charge  through  this  conductor,  and  their  P. 
D.  therefore  begins  to  fall.  But  if  the  chemi- 
cal action  in  the  cell  is  able  to  recharge  C  and 
D  very  rapidly  in  comparison  with  the  ability 
of  the  wire  to  discharge  them,  then  the  P.D. 
between  C  and  D  will  not  be  appreciably 
lowered  by  the  presence  of  the  connecting 
conductor.  In  this  case  the  current  which 
flows  through  the  conducting  coil,  and  there- 
fore the  deflection  of  the  needle  at  its  center, 
may  be  taken  as  a  measure  of  the  electrical 
pressure  developed  by  the  cell,  that  is,  of  the 
P.  D.  between  its  unconnected  terminals. 

The  common  voltmeter  is,  then,  exactly  like  an  ammeter,  save  that 
its  coil  offers  so  high  a  resistance  to  the  passage  of  electricity  through 
it  that  it  does  not  assist  appreciably  in  discharging,  that  is,  in  reducing 
the  P.D.  betvfeen  the  points  to  which  it  is  connected. 

The  unit  of  P.  D.  may  be  taken  for  practical  purposes  as  the 
electrical  pressure  produced  by  a  simple  galvanic  cell  consisting  of 
zinc  and  copper  immersed  in  dilute  sulphuric  acid.  It  is  named  a 
volt  in  honor  of  Volta. 

41.  The  Electromotive  Forces  of  Galvanic  Cells.  When  a 
voltmeter  of  any  sort  is  connected  to  the  terminals  of  a  galvanic  cell, 
it  is  found  that  the  deflection  produced  is  altogether  independent  of 
the  shape  or  size  of  the  plates  or  their  distance  apart.     But  if  the 


Fig.  43.   Illustrating  Princi- 
ple of  Common  Voltmeter. 
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nature  of  the  plates  is  changed,  the  deflection  changes.  Thus,  while 
copper  and  zinc  in  dilute  sulphuric  acid  have  an  E.  M.  F.  of  one  volt, 
carbon  and  zinc  show  an  E^  M.  F.  of  at  least  1.5  volts,  while  carbon  and 
copper  will  show  an  E.  M.  F.  of  very  much  less  than  a  volt.  Similarly, 
by  changing  the  nature  of  the  liquid  in  which  the  plates  are  immersed, 
we  can  produce  changes  in  the  deflection  of  the  voltmeter.  We  learn 
therefore  that  the  E.  M.  F.  of  a  galvanic  cell  depends  simply  upon  the 
materials  of  which  the  cell  is  composed  and  not  at  all  upon  the  shape, 
size,  or  distance  apart  of  the  plates. 

42.  Electrical  Resistance.  If  the  terminals  of  a  galvanic  cell 
are  connected  first  to,  say,  ten  feet  of  No.  30  copper  wire,  and  tlien 
to  ten  feet  of  No.  30  German-silver  wire,  it  is  found  that  a  compass 
needle  placed  at  a  given  distance  from  the  copper  wire  will  show  a 
much  larger  deflection  than  when  placed  the  same  distance  from  the 
German-silver  wire.  A  cell,  therefore,  which  is  capable  of  develop- 
ing a  certain  fixed  electrical  pressure  is  able  to  force  very  much  more 
current  througli  a  given  wire  of  copper  than  through  an  exactly  similar 
wire  of  German-silver.     We  say,  therefore,  that  German-silver  ofl^ers 

a  higher  resistance  to  the  pa'ssage  of  elcc- 
U^^^^^^^-^-  ^^.pr^~ ~  "^      tricity  than  does  copper.      Similarly,  every 

particular  substance  has  its  own  characteris- 

Fig.  44,    Exact  Size  of  No.  7        ,.  g     .  •,,.  i      .    •      i 

Copper  Wire.  tic    jx)wer   of    transmittuig   electrical    cur- 

rents. Silver  is  the  best  conductor  of  any 
known  substances.  The  resistances  of  different  substances  are 
commonly  referred  to  silver  as  a  standard,  and  the  ratio  between  the 
resistance  of  a  given  wire  of  any  substance  and  the  resistance  of  an 
exactly  similar  silver  wire  is  called  the  specific  resistance  of  that  sub- 
stance. The  specific  resistances  of  some  of  the  commoner  metals 
are  given  below: 

Silver 1 . 00     Soft  iron 7. 40     German  silver 20. 4 

Copper 1.13     Nickel 7.87     Hard  steel 21 .0 

Aluminum  ...   2 .00     Platinum 9 .  00     Mercury 62 . 7 

The  unit  of  resistance  is  the  resistance  at  0°  of  a  column  of  mer- 
cury 106.3  cm.  long  and  1  sq.  mm.  in  cross-section.  It  is  called  an 
ohm,  in  honor  of  the  great  German  physicist,  Georg  Ohm  (1789- 
1854).  A  length  of  9.35  feet  of  No.  30  copper  wire,  or  6.2  inches  of 
No.  30  German-silver  wire,  has  a  resistance  of    about  one  ohm. 
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Copper  wire  of  the  size  shown  in  Fig.  44  has  a  resistance  of  about  2.62 
ohms  per  mile. 

The  resistances  of  all  of  the  metals  increase  with  rise  in  tempera- 
ture. The  resistances  of  liquid  conductors  on  the  other  hand  usually 
decrease  with  rise  in  temperature.  Carbon  and  a  few  other  solids 
show  a  similar  behavior:  the  filament  in  an  incandescent  lamp  has 
only  about  half  the  resistance  when  hot  that  it  has  when  cold.  The 
resistances  of  wires  of  the  same  material  are  found  to  be  directly 
proportional  to  their  lengths,  and  inversely  proportional  to  their  cross- 
sections. 

43.  Ohm's  Law.  In  1827  Ohm  announced  the  discovery  that 
the  currents  furnished  by  different  galvanic  cells,  or  combinations  of 
cells,  are  always  directly  proportional  to  the  E.  M.  F.'s  existing  in  the 
circuits  in  which  the  currents  flow,  and  inversely  proportional  to  the 
total  resistances  of  these  circuits',  i.e.,  if  C  represents  the  current  in 
amperes,  E  the  E.  M.  F.  in  volts,  and  R  the  resistance  of  the  circuit  in 
ohms,  then  Ohm*s  law  as  applied  to  the  complete  circuit  is : 

_  £■     .  Electromotive  force  ^  |  x 

~  R>    '  "'  Resistance  \*/ 

As  applied  to  any  portion  of  an  electrical  circuit,  Ohm's  law  is. 

^      PD  „  ,       Potential    difference  ,    x 

C= ;  I.e.,  Current  =  ^^ — ;— ,  (2) 

r    '  Resistance  V    / 

where  P.D.  represents  the  difference  of  potential  in  volts  between  any 

two  points  in  the  circuit,  and  r  the  resistance  in  ohms  of  the  conductor 

connecting  these  two  points.     This  is  one  of  the  most  important  laws 

in  physics. 

Both  of  the  above  statements  of  Ohm's  law  are  included  in  the 

equation : 

Volts  x^v 

Amperes  =  ^^^.  (3) 

44.  Internal  Resistance  of  a  Galvanic  Cell.  If  the  zinc  and 
copper  plates  of  a  simple  galvanic  cell  are  connected  to  an  ammeter, 
and  the  distance  between  the  plates  then  increased,  the  deflection 
of  the  needle  is  found  to  decrease,  or  if  the  amount  of  immersion  is 
decreased  the  current  also  will  decrease.  But  since  the  E.  M.  F.  of 
a  cell  was  shown  in  §  41  to  be  wholly  independent  of  the  area  of  the 
plates  immersed  or  of  the  distance  between  them,  it  will  be  seen  from 
Ohm's  law  that  the  change  in  the  current  in  these  cases  must  be  due 
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to  some  cliange  in  the  total  resistance  of  the  circuit.  Since  the  wire 
which  constitutes  the  outside  portion  of  the  circuit  has  remained  the 
same,  we  must  conclude  that  the  liquid  within  the  cell,  as  well  as  the 
external  wire,  offers  resistance  to  the  passage  of  the  current.  This 
internal  resistance  of  the  liquid  is  directly  proportional  to  the  distance 
between  the  plates,  and  inversely  proportional  to  the  area  of  the  im- 
mersed portion  of  the  plates.  If,  then,  we  represent  the  external 
resistance  of  the  circuit  of  a  galvanic  cell  by  Re  and  the  internal  by 
Ri,  then  Ohm's  law  as  applied  to  the  entire  circuit  takes  the  form: 

^-idnri  (4) 

Thus,  if  a  simple  cell  has  an  internal  resistance  of  2  ohms  and  an 
E.  M.  F.  of  1  volt,  the  current  which  will  flow  through  the  circuit 
when  its  terminals  are  connected  by  9.3  ft.  of  No.   30  copper  wire 

(1  ohm)  is  -    ,        =  .33  ampere.     This   is  about  the  current  which 

is  usually  obtained  from  an  ordinary  Daniell  cell  (see  §  49). 


PRIMARY  CELLS 

45.  The  Action  of  a  Simple  Cell.  If  the  simple  cell  already 
mentioned — namely,  zinc  and  copper  strips  in  dilute  sulphuric  acid — 
is  carefully  observed,  it  will  be  seen  that,  so 
long  as  the  plates  are  connected  by  a  con- 
ductor, fine  bubbles  of  gas  are  slowly  formed 
at  the  zinc  plate,  but  none  at  the  copper 
plate.  As  soon,  however,  as  the  two  strips 
are  put  into  metallic  connection,  bubbles 
instantly  appear  in  great  numbers  about  the 
copper  plate  and  at  the  same  time  a  current 
manifests  itself  in  the  connecting  wire  (Fig. 
45).  The  bubbles  are  of  hydrogen.  Their 
original  appearance  on  the  zinc  plate  may  be 
prevented  either  by  using  a  plate  of  chemi- 
cally pure  zinc,  or  by  amalgamating  impure 
zinc,  that  is,  by  coating  it  over  with  a  thin  film 
of  mercury.  But  the  bubbles  on  the  copper 
cannot  be  thus  disposed  of.  They  are  an 
invariable  accompaniment  of  the  current  in  the  circuit.     If  the  cur- 


Fig.  45. 


Action  of  a  Sim- 
ple Cell. 
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rent  is  allowed  to  run  for  a  considerable  time,  it  will  be  found  that 
the  zinc  wastes  away,  even  though  it  has  been  amalgamated,  but  the 
copper  plate  does  not  undergo  any  change. 

An  electrical  current  in  a  simple  cell  is,  then,  accompanied  by 
the  eating  up  of  the  zinc  plate  by  the  liquid,  and  by  the  evolution  of 
hydrogen  bubbles  at  the  copper  plate.  In  every  type  of  galvanic  cell, 
actions  similar  to  these  two  are  always  found.  That  is,  one  of  the 
plates  is  always  eaten  up,  and  on  the  other  some  element  is  deposited. 
The  plate  which  is  eaten  is  always  the  one  which  is  found  to  be 
negatively  charged,  while  the  other  is  always  found  to  be  positively 
charged ;  so  that  in  all  galvanic  cells,  when  the  terminals  are  connected 
through  a  wire,  the  positive  electricity  flows  through  this  wire  from 
the  uneaten  plate  to  the  eaten  plate.  It  will  be  remembered  that  the 
direction  in  which  the  positive  electricity  flows  is  taken  for  conven- 
ience as  the  direction  of  the  current  (see  §  §  10  and  28). 

46.  Theory  of  the  Action  of  a  Simple  Cell.  A  simple  cell  may 
be  made  of  any  two  dissimilar  metals  immersed  in  a  solution  of  any 
acid  or  salt.  For  simplicity,  let 
us  examine  the  action  of  a  cell 
composed  of  plates  of  zinc  and 
copper  immersed  in  a  dilute 
solution  of  hydrochloric  acid. 
The  chemical  formula  for  hydro- 
chloric acid  is  HCl.  This 
means  that  each  molecule  of 
the  acid  consists  of  one  atom  of 
hydrogen  combined  with  one 
atom  of  chlorine.  In  accordance 
with  the  theory  now  in  vogue 
among  physicists  and  chemists, 
when  hydrochloric  acid  is  mixed  with  water  so  as  to  form  a  dilute 
solution,  the  HCl  molecules  split  up  into  two  electrically  charged 
parts,  called  ions,  the  hydrogen  ion  carrying  a  positive  charge  and 
the  chlorine  ion  an  ecpial  negative  charge  (Fig.  46).  This  phenomenon 
is  known  as  dissociation.  The  solution  as  a  whole  is  neutral;  i.  e., 
it  is  uncharged,  because  it  contains  just  as  many  positive  as  negative 
ions. 

When  a  zinc  plate  is  placed  in  such  a  solution,  the  cicid  attacks 
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FiK.  46.    Illustrating  Dissociation  of  Ions 
and  Theory  of  Action  of  a  Simple  Cell. 
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it  and  pulls  zinc  atoms  into  solution.  Now,  whenever  a  metal  dis- 
solves in  an  acid,  its  atoms,  for  some  unknown  reason,  go  into  solu- 
tion bearing  little  positive  charges.  The  corresponding  negative 
charges  must  he  left  on  the  zinc  plate  in  precisely  the  same  way  in 
which  a  negative  charge  is  left  on  silk  when  positive  electrification 
is  produced  on  a  glass  rod  by  rubbing  it  with  the  silk.  It  is  in  this 
way,  then,  that  we  attempt  to  account  for  the  negative  charge  which 
we  find  upon  the  zinc  plate  in  the  experiment  described  in  §  36. 

The  passage  of  positively  charged  zinc  ions  into  solution  gives 
a  positive  charge  to  the  solution  about  the  zinc  plate,  so  that  the 
hydrogen  ions  tend  to  be  repelled  toward  the  copper  plate.  When 
these  repelled  hydrogen  ions  reach  the  copper  plate  some  of  them 
give  up  their  charges  to  it  and  then  collect  as  bubbles  of  hydrogen 
gas.  It  is  in  this  way  that  we  account  for  the  positive  charge  which 
we  find  on  the  copper  plate  in  the  experiment  described  in  §  36. 

If  the  zinc  and  copper  plates  are  not  connected  by  an  outside 
conductor,  this  passage  of  positively  charged  zinc  ions  into  solution 
continues  but  a  very  short  time,  for  the  zinc  soon  becomes  so  strongly 
charged  negatively  that  it  pulls  back  on  the  plus  zinc  ions  with  as  much 
force  as  the  acid  is  pulling  them  into  solution.  In  precisely  the  same 
way  the  copper  plate  soon  ceases  to  take  up  any  more  positive  elec- 
tricity from  the  hydrogen  ions,  since  it  soon  acquires  a  large  enough 
pkis  charge  to  repel  them  from  itself  with  a  force  equal  to  that  with 
which  they  are  being  driven  out  of  solution  by  the  positively  charged 
zinc  ions.  It  is  in  this  way  that  we  account  for  the  fact  that  on  open 
circuit  no  chemical  action  goes  on  in  the  simple  galvanic  cell,  the 
zinc  and  copper  plates  simply  becoming  charged  to  a  definite  differ- 
ence of  potential  which  is  called  the  E.  M.  F.  of  the  cell. 

When,  however,  the  copper  and  zinc  plates  are  connected  by  a 
wire,  a  current  at  once  flows  from  the  copper  to  the  zinc,  and  the 
plates  thus  begin  to  lose  their  charges.  This  allows  the  acid  to  pull 
more  zinc  into  solution  at  the  zinc  plate,  and  allows  more  hydrogen 
to  go  out  of  solution  at  the  copper  plate.  These  processes,  therefore, 
go  on  continuously  so  long  as  the  plates  are  connected.  Hence  a 
continuous  current  flows  through  the  connecting  wire  until  the  zinc 
is  all  eaten  up  or  the  hydrogen  ions  have  all  been  driven  out  of  the 
solution,  i.e.,  until  either  the  plate  or  the  acid  has  become  exhausted. 

47.     Polarization.     If  the  simple  cell  which  has  been  described 
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is  connected  to  an  ammeter  and  the  deflection  observed  for  a  few 
minutes,  it  is  found  to  produce  a  current  of  continually  decreasing 
strength;  but  if  the  hydrogen  is  removed  from  the  copper  plate  by 
taking  out  the  plate  and  drying  it,  the  deflection  returns  to  its  first 
value.     This  phenomenon  is  called  polarization. 

The  presence  of  the  hydrogen  on  the  positive  plate  causes  a 
diminution  in  the  strength  of  the  current  for  two  reasons :  First,  since 
hydrogen  is  a  non-conductor,  by  collecting  on  the  plate  it  diminishes 
the  effective  area  of  the  plate  and  therefore  increases  the  internal 
resistance  of  the  cell;  second,  by  collecting  upon  the  copper  plate  it 
lowers  the  E.  M.  F.  of  the  cell,  because  it  virtually  substitutes  a  hydro- 
gen plate  for  the  copper  plate,  and  we  have  already  seen  (in  §41) 
that  a  change  in  any  of  the  materials  of  which  a  cell  is  composed 
changes  its  E.  M.  F. 

The    different  forms  of  galvanic  cells  jn  common  use  differ 
chiefly  in  different  devices  employed  either  for  disposing  of  the  hydro- 
gen bubbles  or  for  preventing  their  formation. 
The  most   common  types  of  such  cells  are 
described  in  the  following  sections. 

48.  The  Bichromate  Cell.  The  bichro- 
mate cell  (Fig.  47)  consists  of  a  plate  of  zinc 
immersed  in  sulphuric  acid  between  two  plates 
of  carbon,  carbon  being  used  instead  of  cop- 
j)er  because  it  gives  a  greater  E.  M.  F.  In 
the  sulphuric  acid  is  dissolved  some  bichro- 
mate of  potassium  or  sodium,  the  function  of 
which  is  to  unite  chemically  with  the  hydro- 
gen as  fast  as  it  is  formed  at  the  positive 
plate,  thus  preventing  its  accumulation  upon 
this  plate.*  Such  a  cell  has  the  high  E.  M.  F. 
of  2.1  volts.  Its  internal  resistance  is  low, 
from  .2  to  .5  ohm,  since  the  plates  are  gener- 
ally large  and  close  together.  It  will  be  seen, 
therefore,  that  when  the  external  resistance  is 

very  small  it  is  capable  of  furnishing  a  current  of  from  5  to  10  amperes. 
Since,  however,  the  chromic  acid  formed  by  the  union  of  the  sulphuric 


Fig.  47.    Bichromate  Cell. 


*To  set  nv  a  bichromate  cell,  dissolve  12  parts,  by  weight,  of  sodium  bichromate  in 
180  parts  of  boiliug  water.    After  cooling,  add  25  parts  of  commercial  sulphuric  acid. 
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acid  with  the  bichromate  attacks  the  zinc  even  when  the  circuit  is  open, 
it  is  necessary  to  lift  the  zinc  from  the  Hquid  by  the  rod  A,  when  the 
cell  is  not  in  use.  Such  cells  are  useful  where  large  currents  are 
needed  for  a  short  time.  The  great  disadvantages  are  that  the  fluid 
deteriorates  rapidly,  and  that  the  zinc  cannot  be  left  in  the  liquid. 

49.  The  Daniell  Cell.  The  Daniell  cell  consists  of  a  zinc  plate 
immersed  in  zinc  sulphate,  and  a  copper  plate  immersed  in  copper 
sulphate,  the  two  liquids  being  kept  apart  either  by  means  of  a  porous 

earthen  cup,  as  in 
the  type  shown  in 
Fig.  48,  or  else  by 
gravity,  as  in  the 
type  shown  in  Fig. 
49.  This  last  type, 
commonly  called 
the  gravity,  or 
crowfoot  type,  is 
used  almost  ex- 
clusively on  tele- 
graph lines.  The 
copper  sulphate, 
being  the  heavier 
of  the  two  liquids, 
remains  at  the  bot- 
tom about  the  copper  plate,,  while  the  zinc  sulphate  remains  at  the 
top  about  the  zinc  plate. 

In  this  cell  polarization  is  almost  entirely  avoided,  for  the  reason 
that  no  opportunity  is  given  for  the  formation  of  hydrogen  baubles. 
For,  just  as  the  hydrochloric  acid  solution  described  in  §  46  consists 
of  positive  hydrogen  ions  and  negative  chlorine  ions  in  water,  so  the 
zinc  sulphate  (ZnSOJ  solution  consists  of  positive  zinc  ions  and 
negative  SO^  ions.  Now  the  zinc  of  the  zinc  plate  goes  into  solution 
in  the  zinc  sulphate  in  precisely  the  same  way  that  it  goes  into  solution 
in  the  hydrochloric  acid  of  the  simple  cell  described  in  §46.  This 
gives  a  positive  charge  to  the  solution  about  the  zinc  plate,  and 
causes  a  movement  of  the  positive  ions  between  the  two  plates  from 
the  zinc  towards  the  copper,  and  of  negative  ions  in  the  opposite 
direction,  both  the  Zn  and  the  SO^  ions  being  able  to  pass  tlirough 


Fig.  48a.    Typical  Section 
of  Daniell  Cell. 


Fig.  48b.    Daniell  Cell 
(Commercial  Type) 
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the  porous  cup.  Since  the  positive  ions  about  the  copper  plate  con- 
sist of  atoms  of  copper,  it  will  be 
seen  that  the  material  which  is 
driven  out  of  solution  at  the  cop- 
per plate,  instead  of  being  hydro- 
gen, as  in  the  simple  cell,  is  metal- 
He  copper.  Since,  then,  the  element 
which  is  deposited  on  the  copper 
plate  is  the  same  as  that  of  which 
it  already  consists,  it  is  clear  that 
neither  the  E.  M.  F.  nor  the  resist- 
ance of  the  cell  can  be  changed 
because  of  this  deposit;  i.e.,  the 
cause  of  the  polarization  of  the 
simple  cell  has  been  removed. 

The  great  advantage  of  the 
Daniell  cell  lies  in  the  relatively 
high  degree  of  constancy  in  its 
E.  M.  F.  (1.08  volts).  It  has  a 
comparatively  high  internal  resist- 
ance (one  to  six  ohms)  and  is  there- 
fore incapable  of  producing  very 
large  currents,  about  one  ampere 
at  most.  It  will  furnish  a  very  constant  current,  however,  for  a 
great  length  of  time;  in  fact,  until  all  of  the 
copper  is  driven  out  of  the  copper  sulphate 
solution.  In  order  to  keep  a  constant  supply 
of  the  copper  ions  in  the  solution,  copper 
sulphate  crystals  are  kept  in  the  compart- 
ment S  of  the  cell  of  Fig.  48,  or  in  the  bottom 
of  the  gravity  cell.  These  dissolve  as  fast  as 
the  solution  loses  its  strength  through  the 
deposition  of  copper  on  the  copper  plate. 

The  Daniell  is  a  so-called  closed-circuit 
cell,  i.e.,  its  circuit  should  be  left  closed 
(through  a  resistance  of  thirty  or  forty  ohms) 
whenever  the  cell  is  not  in  use.  If  it  is  left  on  open  circuit,  the  copper 
sulphate  diffuses  through  the  porous  cup,  and  a  brownish  muddy 


Fig.  49 


Daniell  Cell  in  which  Zinc  and 
Copper  Plates  are  Kept  Separate 
by  Gravity. 


Fig.  50.    Leclanch6  Cell. 
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deposit  of  copper  or  copper  oxide  is  formed  upon  the  zinc.  Pure  cop- 
per is  also  deposited  in  the  pores  of  the  porous  cup.  Both  of  these 
actions  damage  the  cell.  When  the  circuit  is  closed,  however,  since 
the  electrical  ^forces  always  keep  the  copper  ions  moving  toward 
the  copper  plate,  these  damaging  effects  are  to  a  large  extent  avoided. 
50.  The  Leclanche  Cell.  The  I.eclanche  cell  (Fig.  50)  con- 
sists of  a  zinc  rod  in  a  solution  of  ammonium  chloride  (150  g.  to  a  liter 
of  water),  and  a  carbon  plate  placed  inside  of  a  porous  cup  which  is 
packed  full  of  manganese  dioxide  and  powdered  graphite  or  carbon. 
As  in  the  simple  cell,  the  zinc  dissolves  in  the  liquid,  and  hydrogen  is 
liberated  at  the  carbon,  or  positive,  plate.  Here  it  is  slowly  attacked 
by  the  manganese  dioxide.  This  chemical  action  is,  however,  not 
quick  enough  to  prevent  rapid  polarization  when  large  currents 
are  taken  from  the  cell.     The  cell  slowly  recovers  when  allowed 

to     stand     for    a 
while  on  open  cir- 
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Fig.  51.    Cells  Connected  in  Series. 


cuit.  The  E.M. 
F.  of  a  Leclanche 
cell  is  about  1.5 
volts,and  its  initial 
internal  resistance 
is  somewhat  less 
than  an  ohm.  It 
therefore  furnishes 
a  momentary  cur- 
rent of  from  one 
to  three  amperes. 
The  immense  advantage  of  this  type  of  cell  lies  in  the  fact  that 
the  zinc  is  not  at  all  eaten  by  the  ammonium  chloride  when  the  cir- 
cuit is  open,  and  that,  therefore,  unlike  the  Daniell  or  bichromate 
cells,  it  can  be  left  for  an  indefinite  time  on  open  circuit  witliout 
deterioration.  Leclanche  cells  are  used  almost  exclusively  where 
momentary  currents  only  are  needed,  as,  for  example,  on  door- 
bell circuits.  The  cell  requires  no  attention  for  years  at  a  time, 
other  than  the  occasional  addition  of  water  to  replace  loss  by  evapora- 
tion, and  the  occasional  addition  of  ammonium  chloride  (NH^Cl)  to 
keep  positive  NH^  and  negative  CI  ions  in  the  solution.. 

51.    The  Dry  Cell.    The  dry  cell  is  only  a  modified  form  of  the 
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Iveclanche  cell.  It  is  not  really  dry,  since  the  zinc  and  carbon  plates 
are  imbedded  in  moist  paste  which  consists  usually  of  one  part  of 
crystals  of  ammonium  chloride,  three  parts  of  plaster  of  Paris,  one 
part  of  zinc  oxide,  one  part  of  zinc  chloride,  and  two  parts  of  water. 
The  plaster  of  Paris  is  used  to  give  the  paste  rigidity.  As  in  the 
Leclanchd  cell,  it  is  the  action  of  the  ammonium  chloride  upon  the 
zinc  which  produces  the  current. 

52.  Combinations  of  Cells.  There  are  two  ways  in  which  cells 
may  be  combined:  First,  in  series;  and  second,  in  parallel.  When 
they  are  connected  in  series  the  zinc  of  one  cell  is  joined  to  the  copper 
of  the  second,  the  zinc  of  tlie  second  to  the  cop- 
per of  the  third,  etc.,  the  copper  of  the  first  and 
the  zinc  of  the  last  being  joined  to  the  ends  of  the 
external  resistance  (see  Fig.  51).  The  ¥j.  M.  F. 
of  such  a  combination  is  the  siun  of  the  E.  M. 
F.'s  of  the  single  cells.  The  internal  resistance 
of  the  combination  is  also  the  sum  of  the  internal 
resistances  of  the  single  cells.  Hence,  if  the  ex- 
ternal resistances  are  very  small,  the  current 
furnished  by  the  coml)ination  will  be  larger 
than  that  furnished  by  a  single  cell,  since  the 
total  resistance  of  the  circuit  has  been  increased 
in  the  same  ratio  as  the  total  E.  M.  F.  But  if 
the  external  resistance  is  large,  the  current  pro- 
duced by  the  combination  will  be  very  much 
greater  than  that  produced  by  a  single  cell.  Just 
how  much  greater  can  always  be  determined  by  applying  Ohm's  law, 
for  if  there  are  n  cells  in  series,  and  E  is  the  E.  M.  F.  of  each  cell,  the 
total  E.  M.  F.  of  the  circuit  is  n  E.  Hence  if  Re  is  the  external  resist- 
ance and  Ri  the  internal  resistance  of  a  single  cell,  then  Ohm's  law  gives 

nE 
Re  +  nRi 


Fig.  52.  Cells  Connected 
in  Parallel. 


c  = 


If  the  n  cells  are  connected  in  parallel,  that  is,  if  all  the  coppers 
are  connected  together  and  all  the  zincs,  as  in  Fig.  52,  the  E.  M.  F.  of 
the  combination  is  only  the  PI  M.  F.  of  a  single  cell,  while  the  internal 
resistance  is  1  /  n  of  that  of  a  single  cell,  since  connecting  the  cells  in 
this  way  is  simply  equivalent  to  multiplying  the  area  of  the  plates  n 
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times.     The  current  furnished  by  such  a  combination  will  be  given 
by  the  formula : 

fie  +   -' 

n 

If,  therefore,  Re  is  negligibly  small,  as  in  the  case  of  a  heavy 
copper  wire,  the  current  flowing  through  it  will  be  n  times  as  great  as 
that  which  could  be  made  to  flow  through  it  by  a  single  cell.  These 
considerations  show  that  the  rules  which  should  govern  the  combina- 
tion of  cells  are  as  follows: 

When  the  external  resistance  is  large  in  comparison  with  the 
internal  resistance  of  a  single  cell,  the  cells  should  he  connected  in  series. 

When  the  external  resistance  is  small  in  comparison  with  the 
internal  resistance  of  a  single  cell,  the  cells  should  be  connected  in 
parallel. 

CHEMICAL  EFFECTS  OF  THE  ELECTRIC 
CURRENT 

53.  Electrolysis.  If  two  platinum  electrodes  are  dipped  into 
a  solution  of  dilute  sulphuric  acid,  and  the  terminals  of  a  battery 
producing  an  E.  M.  F.  of  2  volts  or  more  is  applied  to  these  electrodes, 
oxygen  gas  is  found  to  be  given  off  at  the  electrode  at  which  the 
current  enters  the  solution,  called  the  anode,  while  hydrogen  is  given 
off  at  the  electrode  at  which  the  current  leaves  the  solution,  called 
the  cathode.  The  modern  theory  of  this  phenomenon  is  as  follows : 
Sulphuric  acid  (HjSO^),  when  it  dissolves  in  water,  breaks  up  into 
positively  charged  hydrogen  ions  and  negatively  charged  SO^  ions. 
As  soon  as  an  electrical  field  is  established  in  the  solution  by  con- 
necting the  electrodes  to  the  positive  and  negative  terminals  of  a 
battery,  the  hydrogen  ions  begin  to  migrate  toward  the  cathode,  and 
there,  after  giving  up  their  charges,  unite  to  form  molecules  of  hydro- 
gen gas.  On  the  other  hand,  the  negative  SO^  ions  migrate  to  the 
positive  electrode  (that  is,  the  anode),  where  they  give  up  their  charges 
to  it,  and  then  act  upon  the  water,  HjO,  thus  forming  HSO^  and 
liberating  oxygen. 

If  the  volumes  of  hydrogen  and  of  oxygen  are  measured,  the 
hydrogen  is  found  to  occupy  in  every  case  just  twice  the  volume 
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occupied  by  the  oxygen.  This  is,  indeed,  one  of  the  reasons  for 
beHeving  that  water  consists  of  two  atoms  of  hydrogen  and  one  of 
oxygen. 

54.  Electroplating.  If  the  sohition,  instead  of  being  sulphuric 
acid,  had  been  one  of  copper  sulphate,  CuSO^,  the  results  would  have 
been  precisely  the  same  in  every  respect,  except  that,  since  the  hydro- 
gen ions  in  the  solution  are  now  replaced  by  copper  ions,  the  substance 
deposited  on  the  cathode  is  pure  copper  instead  of  hydrogen.  This 
is  the  principle  involved  in  electroplating  of  all  kinds.  In  commercial 
work,  the  positive  plate,  that  is,  the  plate  at  which  the  current  enters 
the  bath,  is  always  made  from  the  same  metal  as  that  which  is  to  be 
deposited  from  the  solution ;  for  in  this  case  the  SO^  or  other  negative 
ions  dissolve  this  plate  as  fast  as  the  metal  ions  are  deposited  upon 


Fig.  53.    Silver-plating  Bath. 

the  other.  The  strength  of  the  solution,  therefore,  remains  unchanged. 
In  effect,  the  metal  is  simply  taken  from  one  plate  and  deposited  on 
the  other.  Fig.  53  represents  a  silver-plating  bath.  The  bars  joined 
to  the  anode  A  are  of  pure  silver.  The  spoons  to  be  plated  are  con- 
nected to  the  cathode  K.  The]solution  consists  of  500  g.  of  potassium 
cyanide  and  250  g.  of  silver  cyanide  in  10  1.  of  water. 

55.  Chemical  Method  of  Measuring  Current.  In  1834,  Faraday 
found  that  a  given  current  of  electricity  flowing  for  a  given  time 
always  deposits  the  same  amount  of  a  given  element  from  a  solution, 
whatever  be  the  nature  of  the  solution  which  contains  the  element. 
For  example,  one  ampere  always  deposits  in  an  hour  4.025  g.  of 
silver,  whether  the  solution  is  of  silver  nitrate,  silver  cyanide,  or  any 
other  silver  compound.  Similarly,  an  ampere  will  deposit  in  an  hour 
1.181  g.  of  copper,  1.203  g.  of  zinc,  etc.     This  fact  is  made  use  of  in 
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calibrating  fine  ammeters,  since  it  is  possible  to  compute  with  great 
accuracy  the  strength  of  a  current  which  will  deposit  a  given  weight 
of  metal  in  a  known  time.  In  fact,  the  Electrical  Congress  held  in 
Chicago  in  1893  defined  the  ampere  as  the  amount  of  current  which 
will  deposit  .001118  ^.  of  silver  per  second. 

56.  The  Storage  Battery.  If  two  lead  plates  are  immersed  in 
sulphuric  acid  and  the  current  sent  through  the  cell,  the  anode 
or  plate  at  which  the  current  enters  the  solution  will  be  found  in 
the  course  of  a  few  minutes  to  turn  dark  brown.  This  brown  coat  is 
a  compound  of  lead  with  the  oxygen  which,  in  the  case  of  the  plat- 
inum electrodes,  was  evolved  as  a  gas.  The 
other  lead  plate  is  not  affected  by  the 
hydrogen,  which  is,  in  this  case,  as  in  that 


Fig.  54.  Fig.  5.5. 

Illustrating  the  Magnetic  Properties  of  a  Loop. 

of  the  platinum,  evolved  as  a  gas.  Since,  then,  the  passage  of  the  current 
through  this  cell  has  left  one  plate  unchanged,  while  it  has  changed 
the  surface  of  the  other  plate  to  a  new  substance,  namely,  lead  per- 
oxide, PbOj,  it  might  be  expected  that  if  the  charging  battery  were 
removed,  and  these  two  dissimilar  plates  connected  with  a  wire,  a 
current  will  flow  through  the  wire,  for  the  arrangement  is  now  essen- 
tially a  simple  galvanic  cell,  which  in  its  essentials  consists  simply  of 
two  dissimilar  plates  immersed  in  an  electrolyte  (a  conducting  liquid 
other  than  a  molten  metal).  In  this  case  the  plate  having  the  lead 
peroxide  upon  it  corresponds  to  the  copper  of  an  ordinary  cell,  and 
the  unchanged  lead  plate  to  the  zinc.  The  arrangement  will  furnish 
a  current  until  the  lead  peroxide  is  all  used  up.    The  only  important 
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difference  between  a  commerical  storage  cell  and  the  two  lead  plates 

just  considered,  is  that  the  former  is  provided  in   the  process  of 

manufacture  with  a  very  much  thicker  coat  of  the  active  material 

(lead  peroxide  on  the  positive  plate,  and  a  porous,  spongy  lead  on  the 

negative)  than  can 

be   formed   by    a  ^^S 

single  charging  ^^.^^i\^ 

such  as   we   con-      '^  JL 

sidered.      In   one 

type    of     storage 

cell     this     active  ^ 

material   is   actu-  ^     /.  '^^^ 

ally  formed  by  the  /f 

repeated  charging 

and     discharging 

*='*='  Fig.  56.    Illustrating  the  Magnetic  Properties  of  a  Helix. 

of  plates  which  are 

originally  ordinary  sheets  of  lead.     With  each  new  charging  a  slightly 

thicker  layer  of,the  lead  peroxide  is  formed.     In  the  more  common 

type  of  commercial  cell  the  active  material 

^/C- ~^-^N  ^^  pressed  into  interstices  of  the  plate  in  the 

^vj^i^||X^W5fij^/*^  form  of  a  paste.  It  will  be  seen  from  this 
/jT^Oufc^S^^^sX  discussion  that  a  storage  battery  is  not,  prop- 
-rO~  '^,'-''1+        ^^ly   speaking,     a    device    for    storing  elec- 

Fig.57.  Magnetic  Field       tricity.     It  is  rather  a  device   in   which  the 

Surrounding  a  Helix.  i  •      i  i  i  •      i     i 

electrical  current  produces  chemical  changes, 
and  these  new  chemicals,  so  long  as  they  last,  are  capable  of  genera- 
ting a  new  electrical  current. 

ELECTROMAGNETISM 

57.  Magnetic  Properties  of  a  Loop.  We  have  seen  in  §  38  that 
an  electrical  current  is  surrounded  by  a  magnetic  field  the  direction 
of  which  is  given  by  the  right-hand  rule.  We  have  seen  also  that  a 
loop  or  coil  of  wire  through  which  a  current  flows  produces  a  magnetic 
field  of  the  shape  shown  in  Fig.  41.  Now,  if  such  a  loop  is  suspended 
in  the  manner  shown  in  Fig.  54  while  a  current  is  passed  through  it, 
it  is  found  slowly  to  set  itself  in  an  east-and-west  plane,  and  so  that 
the  face  of  the  loop  from  which  the  magnetic  lines  emerge  (see  right- 
hand  rule,  §  38  and  also  Fig.  55)  is  toward  the  north.    In  other  words, 
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the  loop  will  be  found  to  behave  with  respect  to  the  earth  or  to  any 
other  magnet  precisely  as  though  it  were  a  flat  magnetic  disc  whose 
boundary  is  the  wire,  the  face  which  turns  toward  the  north,  that  is, 
that  from  which  the  magnetic  lines  emerge,  being  an  N  pole  and 
the  other  an  jS  pole. 

58.  Magnetic  Properties  of  a  Helix.  If  a  wire  carrying  a  cur- 
rent be  wound  in  the  form  of  a  helix  and  held  near  a  suspended  magnet 
as  in  Fig.  56,  the  coil  will  be  found  to  act  in  every  respect  like  a  magnet, 
with  an  A^  pole  at  one  end  and  an  S  pole  at  the  other. 

This  result  might  have  been  predicted  from  the  fact  that  a  single 
loop  is  equivalent  to  a  flat-disc  magnet.  For  when  a  series  of  such 
discs  is  placed  side  by  side,  as  in  the  helix,  the  result  must  be  the 
same  as  placing  a  series  of  disc  magnets  in  a  row,  the  N  pole  of  one 
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Fig,  58.    Right-Hand  Rule  for  Determining  Direc-  Fig.  59.    A  Simple  Eletroraag- 


being  directly  in  contact  with  the  S  pole  of  the  next,  etc.  These  poles 
would  therefore  all  neutralize  each  other  except  at  the  two  ends.  We 
therefore  get  a  magnetic  field  of  the  shape  shown  in  Fig.  57,  the 
direction  of  the  arrows  representing  as  usual  tlio  direction  in  which 
an  N  pole  tends  to  move. 

59.  Rules  for  North  and  South  Poles  of  a  Helix.  The  right- 
hand  rule,  as  given  in  §  38,  is  sufficient  in  every  case  to  determine 
which  is  the  A"  and  which  the  S  pole  of  a  helix,  i.e.,  from  which  end 
the  lines  of  magnetic  force  emerge  from  the4ielix  and  at  whicli  end 
they  enter  it.  But  it  is  found  convenient,  in  the  consideration  of 
coils,  to  restate  the  right-hand  nile  in  a  slightly  different  way,  thus : 

If  the'  coil  is  grasped  in  the  right  hand  in  such  a  way  that  the 
fingers  point  in  the  direction  in  which  the  current  is  flowing  in  the  wires, 
the  thumb  will  point  in  the  direction  of  the  north  pole  of  the  helix  (see 
Fig.  58). 

Similarly,  if  the  sign  of  the  poles  is  known,  but  the  direction  of 
th(?  current  unknown,  the  latter  may  be  determined  as  follows: 
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If  the  right  hand  is  placed  against  the  coil  with  the  thumb  pointing 
in  the  direction  of  the  lines  of  force  (i.e.,  toward  the  north  pole  of  the 
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Fig.  60.    Horseshoe  ElecU'omagnet, 
with  Armature. 


Fig.  61.    Showing  Lines  of  Force  in 
Horseshoe  Electromagnet. 


helix),  the  fingers  will  pass  aromid  the  coil  in  the  direction  in  which 
the  current  is  flowing. 

60.  The  Electromagnet.  If  a  core  .of  soft  iron  be  inserted  in 
the  helix  (Fig.  59),  the  jx)les  will  be  found  to  be  enormously  stronger 
than  before.  This 
is  because  the  core 
is  magnetized  by 
induction  from  the 
field  of  the  helix  in 
precisely  the  same 
way  in  which  it 
would  be  mag- 
netized by  induc- 
tion if  placed  in  the 
field  of  a  permanent 
magnet.  The  new 
field  strength  about 
the  coil  is  now  the 
sum  of  the  fields 
due  to  the  core  and 
that  due  to  the  coil. 
If  the  current  is  broken,  the  core  will  at  once  lose  the  greater  part  of  its 
magnetism.  If  the  current  is  reversed,  the  polarity  of  the  core  will  be 
reversed.     Such  a  coil  with  a  soft-iron  core  is  called  an  electromagnet. 


Fig.  62.    Simple  Electric  Bell,  and  Connections. 


et 
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The  strength  of  an  electromagnet  can  be  very  greatly  increased 
by  giving  it  such  form  that  the  magnetic  lines  can  remain  in  iron 
throughout  their  entire  length  instead  of  emerging  into  air,  as  they 
do  in  Fig.  59.  For  this  reason  electromagnets  are  usually  built  in 
the  horseshoe  form  and  provided  with  an  armature  A  (Fig.  60) 
Chicago 
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Fig.  63.    Illustrating  the  Principle  of  the  Electric  Telegraph. 

through  which  a  complete  iron  path  for  the  lines  of  force  is  estab- 
lished, as  shown  in  Fig.  61.  The  strength  of  such  a  magnet  depends 
chiefly  upon  the  number  of  ampere-turns  which  encircle  it,  the  expres- 
sion ampere'tums  denoting  the  product  of  the  number  of  turns  of  wire 
about  the  magnet  by  the  number  of  amj)ercs  flowing  in  each  turn. 
Thus  a  current  of  i-Jo  ampere  flowing  1,000  times  around  a  core 
will  make  an  electromagnet  of  precisely  the  same  strength  as  a  current 

of  1  ampere  flowing 
10  times  about  the 
core. 

61.  The  Elec= 
trie  Bell.  The  elec- 
tric bell  (Fig.  62)  is- 
one  of  the  simplest 
applications  of  the 
electromagnet. 
When  the  button  P 
is  pressed,  the  elec- 
tric circuit  of  the 
battery  is  closed  and 
a  current  flows  in  at  ^,  through  the  magnet,  over  the  closed  contact  C, 
and  out  again  at  B.  But  no  sooner  is  this  current  established  than  the 
electromagnet  E  pulls  over  the  annature  a,  and  in  so  doing  breaks  the 
contact  at  C.  This  stops  the  current  and  demagnetizes  the  magnet  /'J. 
The  armature  is  th^n  thrown  b^ck  against  C  by  the  elasticity  of  the 
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Fig.  64.    Telegraphic  Relay. 
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spring  s  which  supports  it.  No  sooner  is  the  contact  made  at  C 
than  the  current  again  begins  to  flow  and  the  former  operation  is 
repeated.  Thus  the  circuit  is  automatically  made  and  broken  at  C 
and  the  hammer  H  is  in  consequence  set  into  rapid  vibration  against 
the  rim  of  the  bell. 

62.  The  Telegraph.  The  electric  telegraph  is  another  simple 
application  of  the  electromagnet.  The  principle  is  illustrated  in  Fig. 
63.  As  soon  as  the  key  K  at  Chicago,  for  example,  is  closed,  the 
current  flows  over  the  line  to,  we  will  say.  New  York.  There  it 
passes  through  the  electromagnet  m,  and  thence  back  to  Chicago 
through  the  earth.  The  armature  b  is  held  down  by  the  electro- 
magnet m  as  long  as  the  key  K  is  kept  closed.  As  soon  as  the  circuit 
is  broken  at  K,  the  armature  is  pulled  up  by  the  spring  d.  By  means 
of  a  clockwork  device  the  tape  e  is  drawn  along  at  a  uniform  rate 
beneath  the  pencil  or  pen  carried  by  the  armature  b.  A  very  short 
time  of  closing  of  K  produces  a  dot  upon  the  tape,  a  longer  time  a  dash. 
As  the  Morse,  or  telegraphic,  alphabet  consists  of  certain  combina- 
tions of  dots  and  dashes,  any  desired  message  may  be  sent  from 
Chicago  and  recorded  in  New  York. 

AMERICAN  MORSE  CODE 


A   .  - 

J    -  .-. 

S    ... 

2    ..  —  . 

B  -  ... 

K  -.- 

T    — 

3    ..  .— 

C   ..    . 

L   • 

U    . .  - 

4    - 

D  -.. 

M 

V    ...  - 

_         5 

E    . 

N  —  . 

w  .  _ 

—       6    

F   .  -  . 

0    .    . 

X   .  — 

..       7 .. 

G . 

P    

Y    ..    . 

8  —  .  .  .  . 

H    ..  .. 

Q   ..  -. 

Z    ... 

9  —  .  .- 

I    .. 

R    .    .. 

1     .  — 

—  .     0  

In  modern  practice  the  message  is  not  ordinarily  recorded  on  a 
tape,  for  operators  have  learned  to  read  messages  by  ear,  a  veiy  short 
interval  between  two  clicks  being  interpreted  as  a  dot,  a  longer  Interval 
as  a  dash. 

The  first  commercial  telegraph  line  was  built  by  S.  F.  B.  Morse 
between  Baltimore  and  Washington.  It  was  opened  on  May  24, 
1844,  with  the  now  famous  message:     ''What  hath  God  wrought?" 

63.  The  Relay  and  Sounder.  On  account  of  the  great  resistance 
of  long  lines,  the  current  which  passes  through  the  electromagnet  is 
so  weak  that  the  armature  of  this  magnet  must  be  made  very  light  in 
order  to  respond  to  the  action  of  the  current.    The  clicks  of  such 
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an  armature  are  not  sufficiently  loud  to  be  read  easily  by  an  operator. 
Hence  at  each  station  there  is  introduced  a  local  circuit  which  con- 
tains a  local  battery,  and  a  second  and  heavier  electromagnet  which 

is  called  a  sounder. 
The  electromagnet 
on  the  main  line  is 
then  called  the  relay 
(see  Figs.  04, 05,  and 
GO).  The  sounder 
has  a  very  heavy 
armature  {A,  Fig. 
05),  which  is  so  ar- 
ranged that  it  clicks 
both  when  it  is 
drawn  down  by  Its 
electromagnet 
against  the  stop  S 
and  when  it  is  pushed  up  again  by  its  spring,  on  breaking  the  current, 
against  the  stop  t.  The  interval  which  elapses  between  those  two 
clicks  indicates  to  the  operator  whether  a  dot  or  dash  is  sent.     The 

New   York 
Key 


Fig.  65.    Telegraphic  Sounder. 
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Fig.  68.    Diagram  of  Arrangement  of  Farts  In  a  Telegraphic  Sy.stem 
between  Chicago  and  New  York. 

current  in  the  main  line  simply  serves  to  close  and  open  the  circuit 
in  the  local  battery  which  operates  the  sounder  (see  Fig.  66).  The 
electromagnets  of  the  relay  and  the  sounder  differ  in  that  the  former 
consists  of  many  thousand  turns  of  fine  wire,  usually  having  a  resist- 
ance of  about  150  ohms,  while  the  latter  consists  of  a  few  hundred 


64 


ELECTRICITY  AND  MAGNETISM 


55 


turns  of  coarse  wire  having  ordinarily  a  resistance  of  about  4  ohms. 

64.  Plan  of  a  Telegraph  System.  The  actual  arrangement  of 
the  various  parts  of  a  telegraphic  system  is  shown  in  Fig.  66.  When 
an  operator  at  Chicago  wishes  to  send  a  message  to  New  York,  he 
first  opens  the  switch  which  is  connected  to  his  key,  and  which  is 
always  kept  closed  except  when  he  is  sending  a  message.  He  then 
begins  to  operate  his  key,  thus  controlling  the  clicks  of  both  his  own 
sounder  and  that  at  New  York.  When  the  "Chicago  switch  is  closed 
and  the  one  at  New  York  open,  the  New  York  operator  is  able  to  send 
a  message  back  over  the  same  line.  In  practice  a  message  is  not 
usually  sent  as  far  as  from  Chicago  to  New  York  over  a  single  Hnc, 
save  in  the  case  of  trans-oceanic  cables.  Instead,  it  is  automatically 
transferred  at,  say,  Cleveland,  to  a  second  line  which  carries  it  on 
to  Buffalo,  where  it  is  again  transferred  to  a  third  line  which  car- 
ries it  on  to  New  York.  The  transfer  is  made  in  precisely  the  same 
way  as  the  transfer  from  the  main  circuit  to  the  sounder  circuit. 
If,  for  example,  the  sounder  circuit  at  Cleveland  is  lengthened  so 
as  to  extend  to  Buf- 
falo, and  if  the  ^ 
sounder  itself  is  re- 
placed by  a  relay 
(called  in  this  case 
a  repeater),  and  the 
local  battery  by  a 
main  battery,  •  then 

the  sounder  circuit  has  been  transformed  into  a  repeater  circuit, 
and  all  the  conditions  are  met  for  an  automatic  transfer  of  the  message 
at  Cleveland  to  the  Cleveland-Buffalo  line.  There  is,  of  course,  no 
time  lost  in  this  automatic  transfer. 

INDUCED  CURRENTS 

65.  Induction  of  Currents  by  Magnets.  If  a  coil  of  wire  C  is 
connected  to  any  sensitive  current  detector,  as  in  Fig.  67,  and  then 
thrust  over  the  pole  of  a  magnet  from  the  position  a  to  the  position  c, 
a  momentary  current  is  observed  to  flow  through  the  circuit.  If  the 
coil  is  held  stationary  over  the  magnet,  the  needle  will  come  to  rest 
in  its  natural  position.  If  the  coil  is  removed  suddenly  from  the  pole, 
the  needle  will  move  in  the  direction  opposite  to  that  of  its  first  deflec- 


Fig.  67. 


Illustrating  the  Principle  o(  El«ctromagnetic 
Induction. 
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tion,  which  shows  that  a  reverse  current  is  now  being  generated  in 
the  coil. 

These  experiments  show  that  a  current  of  electricity  may  be  in- 
divced  in  a  conductor  by  causing  the  latter  to  move  through  a  magnetic 
-field.  This  discovery,  one  of  the  most  important  in  the  history  of 
science,  was  announced  by  Faraday  in  1831.  From  it  have  sprung 
directly  most  of  the  modern  industrial  developments  of  electricity. 

When  we  test  the  direction  in  which  the  current  is  induced  in 
the  coil  C  (Fig.  67)  by  applying  the  right-hand  rule  to  the  direction 
of  deflection  of  the  needle,  we  find  that  while  the  coil  C  was  mov- 
ing from  a  down  to  c  the  induced  current  flowing  through  it  was 
in  such  a  direction  as  to  make  its  lower  face  an  N  pole  and  its 
upper  face  an  S  pole.  Now  if  we  split  up  this  motion  into  two 
parts,  namely,  that  from  a  to  6  and  that  from  b  to-  c,  we  see 
that  while  the  coil  is  being  moved  from  a  to  6  the  repulsion  of 
the  N  pole  of  the  magnet  for  the  N  pole  of  the  coil  is  greater 
than  the  attraction  of  the  N  pole  of  the  magnet  for  the  *S  pole 
of  the  coil,  so  that  the  motion  must  be  made  against  an  opposing 
force.  Similarly,  while  the  coil  is  going  from  b  to  c,  the  S  pole 
of  the  coil  is  nearer  the  N  pole  of  the  magnet  than  is  the  N 
.pole  of  the  coil,  and  consequently  the  attrac- 
tion of  the  N  pole  of  the  magnet  for  this  S 
pole  of  the  coil  is  greater  than  the  repulsion 
of  the  two  N  poles.  Hence  the  motion  from 
B  to  C  also  must  be  made  against  an  opposing 
i»  /  jl  force.  When  the  coil  was  moving  from  c  to  a, 
V  ^^^1:^=^  y  the  current  was  in  the  reverse  direction,  hence 
the  poles  of  the  coil  were  reversed,  so  that  at 

Fig.  68.    Showing  that  a  '  .    ,     ,,  .        77^7  7  •     ^ 

Conductor  must  Cut  Lines  everv  voiut  the  motion  had  to  be  made  against 

of  Magnetic  Force  in  order  . 

to  Induce  an  E.M.F.  an  opposing  forcc. 

From  these  experiments  and  others  of  a  similar  kind,  it  has  been 
discovered  that  whenever  a  current  is  induced  in  a  conductor  by  the 
relative  motion  of  the  conductor  and  the  magnetic  field,  the  direction 
of  the  induced  current  is  always  suxih  as  to  set  up  a  magnetic  field 
which  opposes  the  motion.  This  is  known  as  Lenz's  law.  It  is  a  law 
which  might  have  been  predicted  beforehand  from  the  principle  of 
the  conservation  of  energy,  for,  since  an  electrical  current  possesses 
energy,  the  principle  of  conservation  of  energy  tells  us  that  no  such 
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current  can  possibly  be  created  without  the  expenditure  of  work  of 
some  sort.  In  this  case  there  is  no  place  for  the  energy  to  come  from 
except  from  the  mechanical  work  done  in  pushing  the  coil  against  some 
resisting  force. 

If,  instead  of  moving  the  coil  up  and  down  over  the  pole,  we 
had  held  it  in  the  position  shown  in  Fig.  68,  and  moved  it  back  and 
forth  so  that  its  motion  was  parallel  to  the  line  NS,  no  induced  current 
would  have  been  observed.  By  experiments  of  this  sort  it  is  found 
that  an  E.  M.  F.  is  induced  in  a  coil  only  when  the  motion  takes  place 
in  siwh  a  way  as  to  change  the  total  number  of  magnetic  lines  of  force 
which  are  enclosed  iri  the  coil.  Or,  to  state  this  rule  in  a  more  general 
form :  An  E.  M.  F.  is  induced  in  any  element  of  a  conductor  when 
and  only  when  that  element  is  moving  in  such  a  way  as  to  cut  magnetic 
lines  of  force. 

It  will  be  noticed  that  the  first  statement  of  the  rule  is  included 
in  the  second,  for  whenever  the  number  of  lines  of  force  which  pass 
through  a  coil  changes,  some  lines  of  force  must  cut  across  the  coil 
from  the  inside  to  the  outside,  or  vice  versa. 

In  the  preceding  statement  we  have  used  the  expression  induced 
E.M.  F.  instead  of  induced  current  for  the  reason  that  whether  or  not 
a  continuous  current  flows  in  a  conductor  in  which  an  E.  M.  F.  {i.  e., 
a  pressure  tending  to  produce  a  current)  exists,  depends  simply  on 
whether  or  not  the  conductor  is  a  portion  of  a  closed  electrical  circuit. 
In  our  experiment  the  portion  of  the  wire  in  which  the  E.  M.  F.  was 
being  generated  by  its  passage  across  the  lines  of  force  running  from 
N  to  S  was  a  part  of  such  a  closed  circuit,  and  hence  a  current  resulted. 
If  we  had  moved  a  straight  conductor  like  that  shown  in  Fig.  69, 
the  E.M.F.  would  have  been  induced  precisely  as  before;  but  since 
the  circuit  would  then  have  been  open,  the  only  effect  of  this  E.  M.  F. 
would  have  been  to  establish  a  P.  D.  between  the  ends  of  the  wire, 
i.  e.,  to  cause  a  positive  charge  to  appear  at  one  of  its  ends  and  a 
negative  charge  at  the  other,  in  precisely  the  same  way  that  the  E.  M.  F. 
of  a  battery  causes  positive  and  negative  charges  to  appear  on  the 
terminals  of  the  battery  when  it  is  on  open  circuit. 

66.  Strength  of  the  Induced  E.  M.  F.  The  strength  of  an  induced 
E.  M.  F.  is  found  to  depend  simply  upon  the  number  of  lines  of  force 
cut  per  second  by  the  conductor,  or,  in  the  case  of  a  coil,  upon  the 
rate  of  change  in  the  number  of  lines  of  force  which  pass  through 
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the  coil.  The  strength  of  the  current  which  flows  is  then  given  by 
Ohm's  law;  i.  e.,  it  is  equal  to  the  induced  E.  M.  F.  divided  by  the 
resistance  of  the  circuit.  The  number  of  lines  of  force  which  the 
conductor  cuts  per  second  may  always  be  determined  if  we  know 
the  velocity  of  the  conductor  and  the  strength  of  the  magnetic  field 
through   which  it   moves.* 

In  a  conductor  which  is  cutting  lines  at  the  rate  of  100,000,000 
lines  per  second,  there  is  an  induced  electromotive  force  of  exactly 
one  volt. 

67.  The  Dynamo  Rule.  Since  the  exneriment  illustrated  in 
Fig.  67  shows  that  reversing  the  direction  in  which  a  conductor  is 


Fig.  69.  Showing  Rela- 
tion between  Directions 
of  Motion  of  Conductor, 
Magnetic  Lines,  and  In- 
duced Current. 


Fig.  70.    Illustrating  the  "Dynamo 
Rule." 


cutting  lines  of  force  also  reverses  the  direction  of  the  induced  electro- 
motive force,  it  is  clear  that  a  fixed  relation  must  exist  between  these 
two  directions  and  the  direction  of  the  magnetic  lines.  What  this 
relation  is  may  be  obtained  easily  from  Lenz's  law.  When  the  con- 
ductor was  moving  upward  (Fig.  68),  the  current  flowed  in  such  a 
direction  'as  to  oppose  the  motion,  that  is,  so  as  to  make  the  lower 
face  of  the  coil  an  S  pole.  This  means  that  in  the  portion  of  the 
conductor  between  N  and  S  where  the  E.  M.  F.  was  being  generated, 

*A  magnetic  pole  of  unit  strength  is  by  definition  a  pole  which  when  placed  at  a 
distance  of  one  centimeter  from  an  exactly  similar  pole  repels  it  with  a  force  of  one  dyne 
(about  one  thousandth  of  a  gram,  or  zsiav  of  aa  ounce).  A  magnetic  field  of  unit 
strength  is,  by  definition,  a  field  In  which  a  unit-pole  is  acted  upon  by  a  force  of  one  dyne. 
Hence,  if  a  unit-pole  is  found  in  a  given  field  to  be  acted  upon  by  a  force  of  one  thousand 
dynes,  we  say  that  the  field  strength  is  one  thousand  units.  Now,  it  is  customary  to 
represent  a  magnetic  field  by  drawing  as  many  lines  per  square  centimeter  taken  at  right 
angles  to  the  direction  of  the  Held  as  the  field  has  units  of  strength.  Thus,  a  Held  of  unit 
strength  is  said  to  contain  one  line  per  square  centimeter,  a  Held  of  a  thousand  units 
strength  a  thousand  lines  per  squai'e  centimeter,  etc.  The  magnetic  Jlelds  used  in  pow- 
erful dynamos  will  have  sometimes  as  high  as  i20,000  lines  per  square  centimeter. 
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Fig.  71,    Illustrating 

the  Principle  of 

the  Dynamo. 


its  direction  was  from  back  to  front,  that  is,  toward  the  reader  (see 
arrow,  Fig.  69).  We  therefore  set  up  the  following  rule,  which  is 
found  to  apply  in  every  case : 

If  the  forefinger  of  the  right  hand  points  in  the  direction  of  the 
magnetic  lines  (see  Fig.  70),  and  the  thumb  in  the  direction  in  which 
the  conductor  is  cutting  these  lines,  then  the  middle  finger,  held  at  right 
angles  to  both  thumb  and  forefinger,  will  point  in 
the  direction  of  the  induced  current. 
This  rule  is  known  as  the  dynamo  rule. 

68.  The  Principle  of  the  Dynamo.  A  dynamo 
is  essentially  nothing  but  a  coil  of  wire  rotating 
continuously  between  the  poles  of  a  magnet.  Thus, 
suppose  that  starting  with  the  coil  in  the  position 
shown  in  Fig.  71,  it  be  rotated  through  180  degrees 
from  left  to  right  as  one  looks  down  upon  it. 
During  the  first  half  of  the  revolution  the  wires 
on  the  right  side  of  the  loop  are  cutting  the  lines 
of  force  while  moving  toward  the  reader,  while 
the  lines  on  the  left  side  are  cutting  the  same 
lines  while  moving  away  from  the  reader.  Hence,  by  applying  the 
dynamo  rule,  we  find  that  a  current  is  being  generated  which  flows 
down  on  the  right  side  of  the  coil  and  up  on  the  left  side.  It  will  be 
seen  that  both  currents  flow  around  the  coil  in 
the  same  direction.  The  induced  current  is 
strongest  when  the  coil  is  in  the  position  shown 
in  Fig.  72,  because  there  the  lines  of  force  are 
being  cut  most  rapidly.  Just  as  the  coil  is  being 
moved  into  or  out  of  the  position  shown  in  Fig.  71, 
it  is  moving  parallel  to  the  lines  of  force  and 
hence  no  current  is  induced,  since  no  lines  of  force 
\\  J  jl     are  being  cut.     As  the  coil  is  now  moved  through 

^^^==^  ^  the  last  180  degrees  of  a  complete  revolution,  both 
sides  are  cutting  the  same  lines  of  force  as  be- 
fore, but  they  are  cutting  them  while  moving  in 
an  opposite  direction  from  that  in  which  they  were 
first  moving,  hence  the  current  generated  during  this  last  half  is 
opposite  in  direction  to  that  of  the  first  half.  If  the  coil  is  continu- 
ously rotated  in  the  field,  therefore,  an  alternating  current  is  set  up  in 


Fig.  72.  Position  of 
Revolving  Coil  when 
Current  is  Strongest. 
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it,  which  reverses  direction  every  time  the  coil  passes  through  the 
position  shown  in  Fig.  71.  This  is  the  essential  principle  of  the 
alternating-current  dynamo.  The  direct-current  dynamo  differs  from 
the  alternating-current  dynamo,  only  in  that  a  so-called  commutator 
is  used  for  the  purpose  of  changing  the  direction  of  the  current  in 
the  external  circuit  every  time  the  coil  passes  through  the  position 
shown  in  Fig.  71,  so  that  the  current  always  flows  in  the  same 
direction  through  this  external  portion  of  the  circuit  in  spite  of  the  fact 
that  in  the  rotating  coil  it  changes  direction  every  half- revolution. 

69.  The  Principle  of  the  Electric  Motor.  If  a  vertical  wire 
a  6  is  made  to  pass  between  the  poles  of  a  magnet  in  the  manner  shown 
in  Fig.  73,  and  the  current  from  an  outside  source — for  example,  a 
Leclanch^  cell — sent  through  it  from  a  to  6,  the  wire  a  b  will  be  found 

to  move  through  the  mercury,  into 
which  its  lower  end  dips,  in  the 
direction  indicated  by  the  arrow  /, 
namely,  at  right  angles  to  the  direc- 
tion of  the  lines  of  magnetic  force. 
If  the  direction  qf  the  current  in 
a  6  is  reversed  the  direction  of  the 
motion  of  the  wire  will  be  found  to 
be  reversed  also.  This  experiment 
shows  that  a  wire  carrying  a  cur- 
rent  in  a  magnetic  field  tends  to  moiie 
in  a  direction  at  right  angles  both  to 
the  direction  of  the  field  and  to  the 
direction  of  the  current.  The  experi- 
ment illustrates  the  essential  princi- 
ple of  the  electric  motor.  The 
relation  between  the  direction  oi  the  magnetic  lines,  the  direction  of 
the  current,  and  the  direction  of  the  force,  is  often  remembered  by 
means  of  the  following  rule,  known  as  the  motor  rule.  It  differs 
from  the  dynamo  rule,  only  in  that  it  is  applied  to  the  fingers  of  the 
left  hand  instead  of  to  those  of  the  right. 

Let  the  forefinger  of  the  left  hand  point  in  the  direction  of  the 
magnetic  lines  of  force  and  the  middle  finger  in  the  direction  of  the 
current  sent  through  the  wire;  the  thumb  will  then  point  in  the  direc- 
tion of  the  mechanical  force  acting  to  move  the  wire  (see  Fig.  73). 


Fig.  73. 


Ilhistrating  the  Principle  of 
the  Electric  Motor. 
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In  practice  the  motor  does  not  differ  in  construction  at  all  from 
the  dynamo.  Thus,  if  a  current  is  sent  into  the  right  side  of  the  coil 
shown  in  Fig.  72,  and  out  of  the  left  side,  the  wires  on  the  left  side 
of  the  coil  will  be  seen,  by  an  application  of  the  motor  rule,  to  be  urged 
toward  the  reader,  while  the  wires  on  the  right  side  are  urged  away 
from  the  reader.  Hence  the  coil  begins  to  rotate.  After  it  has  rotated 
through  the  position  shown  in  Fig.  71,  if  the  direction  in  which  the 
current  flows  through  it  w:ere  not  changed,  it  would  be  urged  to 
rotate  back  to  the  position  of  Fig.  71;  but  in  the  actual  motor,  at  the 
instant  at  which  the  coil  passes  through  the  position  shown  in  Fig. 
7] ,  the  commutator  reverses  the  direction  of  the  current  as  it  enters 
the  coil.  Hence  the  coil  is  always  impelled  to  rotate  in  the  same 
direction. 

70.  The  Principle  of  the  Induction  Coil  and  Transformer.  If  a 
coil  of  wire  j)  is  wound  about  an  iron  core,  as  in  Fig.  74,  and  connected 
to  the  circuit  of  a 
battery,  and  if  an- 
other coil  of  wire  is 
wrapped  about  the 
same  core,  and  its 
terminals  connected 
to  any  current  de- 
tector as  shown  in 
the  figure,  it  is  found  that  when  the  key  K  is  closed,  the  deflection 
of  the  detector  indicates  that  a  temporary  current  has  been  induced 
in  one  direction  through  the  coil  s,  but  when  it  is  opened  an  equal 
but  opposite  deflection  will  indicate  an  equal  induced  current  in  the 
opposite  direction. 

The  experiment  illustrates  the  principle  of  the  induction  coil 
and  the  transformer.  The  coil  p,  which  is  connected  to  the  source 
of  the  <iurrent,  is  called  the  primary  coil,  and  the  coil  s,  in  which  the 
currents  are  induced,  is  called  the  secondary  coil.  Causing  lines  of 
force  to  spring  into  existence  inside  of  s — in  other  words,  magnetizing 
the  space  inside  of  s  (that  is,  the  core  about  which  the  coils  are  wound) 
— has  caused  an  induced  current  te  flow  in  s;  and  demagnetizing 
the  space  inside  of  s  has  also  induced  a  current  in  s  in  accordance 
with  the  general  principle  stated  in  §  65  that  any  change  in  the  number 
uf  magnetic  lines  of  force  which  thread  through  a  cojl  induces  a  cur- 


lUustrating  the  Principle  of  the  Induction 
Coll  and  Transformer. 
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rent  in  the  coil.  We  may  think  of  the  lines  which  suddenly  appear 
within  the  iron  core  upon  magnetization  as  springing  from  without 
across  the  loops  into  the  core,  and  as  springing  back  again  upon 
demagnetization,  thus  cutting  the  loops  while  moving  in  opposite 
directions  in  the  two  cases. 

71.  Direction  of  the  Induced  Current.  Lenz's  law,  which,  it 
will  be  remembered,  followed  from  the  principle  of  conservation  of 
energy,  enables  us  to  predict  at  once  the  direction  of  the  induced  cur- 
rents in  the  above  experiments;  and  an  observation  of  the  deflections 
of  the  galvanometer  enables  us  to  verify  the  correctness  of  the  pre- 
dictions. Consider  first  the  case  in  which  the  primary  circuit  is 
made  and  the  core  thus  magnetized.  According  to  Lenz's  law,  the 
current  induced  in  the  secondary  circuit  must  be  in  such  a  direction 
as  to  op'pose  the  change  which  is  being  produced  by  the  primary  cur- 
rent, i.  e.  in  such  a  direction  as  to  tend  to  magnetize  the  core  oppositely 
to  the  direction  in  which  it  is  being  magnetized  by  the  primary.  This 
means,  of  course,  that  the  induced  current  in  the  secondary  must 
encircle  the  core  in  a  direction  opposite  to  the  direction  in  which  the 
primary  current  encircles  it.  We  learn,  therefore,  that  on  making 
the  current  in  the  primary,  the  current  induced  in  the  secondary  is 
opposite  in  direction  to  that  in  the  primary. 

\Mien  the  current  in  the  primary  is  broken,  the  magnetic  field 
created  by  the  primary  tends  to  die  out.  Hence,  by  Lenz's  law,  the 
current  induced  in  the  secondary  must  be  in  such  a  direction  as  to 
tend  to  oppose  this  process  of  demagnetization,  i.e.,  in  such  a  direc- 
tion as  to  magnetize  the  core  in  the  same  direction  in  which  it  is 
magnetized  by  the  decaying  current  in  the  primary.  Therefore,  at 
break,  the  current  induced  in  the  secondary  is  in  the  same  direction  as 
that  which  is  dying  out  in  the  primary. 

72.  E.  M.  F.  of  the  Secondary.  If  half  of  the  turns  of  the  sec- 
ondary s  (Fig.  74)  are  unwrapped,  the  deflection  when  K  is  opened 
or  closed,  will  be  found  to  be  just  half  as  great  as  before.  Since  the 
resistance  of  the  circuit  has  not  been  changed,  we  learn  from  this  that 
the  E.M.F.  of  the  secondary  is  proportional  to  the  number  of  turns  of 
wire  upon  it.  This  result  followed  also  from  the  statement  made  in 
§  66  that  the  electromotive  force  induced  in  any  circuit  is  equal  to  the 
rate  of  cutting  of  lines  of  force  by  that  circuit.  For  all  of  the  lines 
which  pass  through  the  core  cut  all  of  the  coils  on  s.     If,  therefore, 
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there  are  twice  as  many  coils  in  one  case  as  in  another,  twice  as  many 
lines  of  force  cut  the  circuit,  and  hence* the  E.  M.  F.  is  twice  as  great. 
If,  then,  we  wish  to  develop  a  very  high  E.  M.  F.  in  the  secondary, 
we  have  only  to  make  it  of  a  very  large  number  of  turns  of  fine  wire. 
The  wire  must  not,  however,  be  wrapped  so  far  away  from  the  core  as 
to  include  the  lines  of  force  which  are  returning  through  the  air 
(see  Fig.  59),  for,  when  this  happens,  the  coils  are  threaded  in  both 
directions  by  the  same  lines,  and  hence  have  no  current  induced  in 
them. 

73.  E.  M.  F.  at  Make  and  Break.  If  the  secondary  coil  s  is 
replaced  by  a  spool  or  paper  cylinder  upon  which  are  wound  5,000 
or  10,000  turns  of  No.  36  copper  wire,  and  if  the  ends  of  the  coil  are 
attached  to  metal  handles  and  held  in  the  moistened  hands,  then, 
when  the  key  K  is  closed,  no  shock  whatever  will  be  felt ;  but  a  very 
marked  one  will  be  observable  when  the  key  is  opened.  The  experi- 
ment can  easily  be  tried  with  an  inexpensive  medical  coil.  It  shows 
that  the  E.  M.  F.  developed  at  the  break  of  the  circuit  is  enormously 
greater  than  that  at  the  make.  The  explanation  is  found  in  the 
fact  that  the  E.  M.  F.  developed  in  a  coil  depends  upon  the  rate  at 
which  the  number  of  lines  of  force  passing  through  it  is  made  to 
change  (see  §  66).  When  the  circuit  of  the  primary  was  made,  the 
current  required  an  appreciable  time,  perhaps  a  tenth  of  a  second, 
to  rise  to  its  full  value,  just  as  a  current  of  water,  started  through 
a  hose,  requires  an  appreciable  time  to  rise  to  its  full  height,  on  account 
of  the  inertia  of  the  water.  An  electrical  current  possesses  a  prop- 
erty similar  to  inertia.  Hence  the  magnetic  field  about  the  primary 
also  rises  equally  gradually  to  its  full  strength,  and  therefore  its  lines 
pass  into  the  coil  comparatively  slowly.  At  break,  however,  by 
separating  the  contact  point  very  quickly,  we  can  make  the  current 
in  the  primary  fall  to  zero  in  an  exceedingly  short  time,  perhaps  not 
more  than  .00001  of  a  second;  i.e.,  we  can  make  all  of  its  lines  pass  out 
of  the  coil  in  this  time.  Hence  the  rate  at  which  lines  thread  through, 
or  cut,  the  secondary  is  perhaps  10,000  times  as  great  at  break  as  at 
make,  arid  therefore' the  E.  M.  F.  is  also  something  like  10,000  times 
as  great.  It  should  be  remembered,  however,  that  in  a  closed  second- 
ary the  make  current  lasts  as  much  longer  than  the  break  current  as 
its  E.  M.  F.  is  smaller;  hence  the  total  energy  of  the  two  is  the  same, 
as  was  indeed  indicated  by  the  equal  deflections  in  §  65. 
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INDUCTION  COIL  AND  TRANSFORiVlER 

74.  The  Induction  Coil.  The  induction  coil,  as  usually  made 
(Fig.  75),  consists  of  a  soft  iron  core  C,  which  is  composed  of  a 
bundle  of  soft  iron  wires;  a  primary  coil  p  wrapped  around  this  core, 
and  consisting  of,  say,  200  turns  of  coarse  copper  wire  (e.g.,  No.  16), 
which  is  connected  into  the  circuit  of  a  battery  through  the  contact 
point  at  the  end  of  the  screw  d;  a  secondary  coil  s  surrounding  the 
primary  in  the  manner  indicated  in  the  diagram,  and  consisting  gen- 
erally of  between  30,000  and  1,000,000  turns  of  No.  36  copper  wire 
the  terminals  of  which  are  the  points  t  and  f;  and  a  hammer  h,  or 
tt' 


innr 

Condenser 
Fig.  75.    Induction  Coil,  and  Diagrammatic  Representation  of  Same. 

other  automatic  arrangement  for  making  and  breaking  the  circuit  of 
the  primary. 

When  the  current  is  first  started  in  the  primary,  it  magnetizes 
the  core  C.  Thereupon  the  iron  hammer  b  is  drawn  away  from  its 
contact  with  d  and  the  current  is  thus  suddenly  stopped.  This 
instantly  demagnetizes  the  core  and  induces  in  the  secondary  s  an 
E.  M.  F.  which  is  usually  sufficient  to  cause  a  spark  to  leap  between 
t  and  f.  As  soon  as  the  core  is  demagnetized,  the  spring  r  which 
supports  the  hammer  restores  the  contact  with  d  and  the  operation  is 
repeated.  The  condenser,  shown  in  the  diagram  with  its  two  sets 
of  plates  connected  to  the  conductors  on  either  side  of  the  spark  gap 
between  r  and  d,  is  not  an  essential  part  of  a  coil ;.  but  when  it  is 
introduced,  it  is  found  that  the  length  of  the  spark  which  can  be  sent 
across  between  t  and  f  is  considerably  increased.  The  reason  is  as 
follows :  When  the  circuit  is  broken  at  6,  the  inertia  of  the  current 
tends  to  make  a  spark  jump  across  from  d  to  h ;  and  if  this  happens, 
the  current  continues  to  flow  through  this  spark  (or  arc)  until  the 
terminals  have  become  separrvled  through  a  considerable  distance.- 
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This  makes  the  current  die  down  gradually  instead  of  suddenly,  as 
it  ought  to  do  to  produce  a  high  E.  M.  F.  But  when  a  condenser  is 
inserted,"  as  soon  as  b  begins  to  leave  d,  the  current  begins  to  flow  into 
the  condenser,  and  this  gives  the  hammer  time  to  get  so  far  away  from 
d  that  an  arc  cannot  be  formed.  This  means  a  sudden  break  and 
a  high  E.  M.  F.  Since  a  spark  passes  between  t  and  f  only  at  break, 
§  73,  it  must  always  pass  in  the  same  direction.  Coils  which  give 
24-inch  sparks  (perhaps  500,000  volts)  are  not  uncommon.  Such 
coils  usually  have  hundreds  of  miles  of  wire  upon  their  secondaries. 

75.  The  Transformer.  The  commercial  transformer  is  a  modi- 
fied form  of  the  induction  coil.  The  chief  difference  is  that  the 
core  R  (Fig  76),  instead  of  being  straight,  is  bent  into  the  form 
of  a  ring  or  is  given  some  other 
shape  such  that  the  magnetic  lines 
of  force  have  a  continuous  iron 
path,  instead  of  being  obliged  to 
push  out  into  the  air,  as  in  the 
induction  coil.  Furthermore,  it  is 
always  an  alternating  instead  of  an 

intermittent  current  which  is  sent  pig.^e.  Diagrammatic  Representation 
through   the    primary   A.       Sending  of  commercial  Transformer. 

such  a  current  through  A  is  equivalent  to  magnetizing  the  core 
first  in  one  direction,  then  demagnetizing  it,  then  magnetizing  it  in 
the  opposite  direction,  etc.  The  result  of  these  changes  in  the  mag- 
netism of  the  core  is  of  course  an  induced  alternating  current  in  the 
secondary  B. 

76.  Pressure  in  Primary  and  Secondary.  If  there  are  a  few 
turns  in  the  primary  and  a  large  number  in  the  secondary,  the  trans- 
former is  called  a  step-wp  transformer,  because  the  P.  D.  produced  at 
the  terminals  of  the  secondary  is  greater  than  that  applied  at  the 
terminals  of  the  primary.  Thus,  an  induction  coil  is  a  step-up 
transformer.  In  electric  lighting,  however,  transformers  are  mostly 
of  the  step-doum  type;  i.  e.,  a  high  P.  D.,  say  2,200  volts,  is  applied 
at  the  terminal  of  the  primary,  and  a  lower  P.  D.,  say  110  volts,  is 
obtained  at  the  terminals  of  the  secondary.  In  such  a  transformer  tb 
primary  will  have  twenty  times  as  many  turns  as  the  secondary.  In 
general,  the  ratio  between  the  voltages  at  the  terminals  of  the  primary 
and  secondary  is  the  ratio  of  the  number  of  turns  of  wire  upon  the  two. 
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Fig.  T7.    Simplest  Form  of  Electric  Telephone. 


77.  The  Simple  Telephone.  The  telephone  was  invented  in 
1876  by  EUsha  Gray,  of  Chicago,  and  Alexander  Graham  Bell,  of 
Washington.  In  its  simplest  form  it  consists,  at  each  end,  of  a  per- 
manent bar  magnet  A  (Fig.  77)  surrounded  by  a  coil  of  fine  wire  B, 
in  series  with  tlie  line,  and  an  iron  disc  or  diaphragm  E  mounted 
close  to  one  end  of  the  magnet.  When  a  sound  is  made  in  front  of 
the  diaphragm,  the  vibrations  produced  by  the  sounding  body  are 
transmitted  by  the  air  to  the  diaphragm,  thus  causing  the  latter  to 
vibrate  Ixick  and  forth  in  front  of  the  magnet.  These  vibrations  of 
the  diaphragm  produce  sliglit  backward  and  forward  movements  of 
the  lines  of   force  which  are  continually  passing  into  the  disc   or 

diaphragm  from  the  magnet. 
Some  of  these  lines  of  force, 
therefore,  cut  across  the  coil 
B,  first  in  one  direction  and 
then  in  the  other,  and  in  so 
doing  induce  currents  in  it. 
These  induced  currents  are 
transmitted  by  the  line  to  the  receiving  station,  where  those  in  one  direc- 
tion pass  around  B'  in  such  a  way  as  to  increase  the  strength  of  the 
magnet  A',  and  thus  increase  the  pull  which  it  exerts  upon  E';  while 
the  opposite  currents  pass  around  B'  in  the  opposite  direction,  and 
therefore  weaken  the  magnet  A'  and  diminish  its  pull  upon  E\ 
When,  therefore,  E  moves  in  one  direction,  E^  also  moves  in  one 
direction ;  and  when  E  reverses  its  motion,  the  direction  of  motion  of 
E'  is  also  reversed.     In  other  words,  the  induced  currents  transmitted 
by  the  line  force  E'  to  reproduce  the  motions  of  J5,     E',  therefore, 
sends  out  sound  waves  exactly  like  those  which  fell  upon  E.    In 
exactly  the  same  way,  a  sound  made  in  front  of  E'  is  reproduced  at  E. 
Telephones  of  this  simple  type  will  work  satisfactorily  for  a  distance 
of  several  miles.    This  simple  form  of  instrument  is  still  used  at  the 
receiving  end  of  the  modem  telephone,  the  only  innovation  which 
has  been  intnKlucefl  consisting  in  the  substitution  of   a  U-shaped 
magnet  for  the  bar  magnet.    The  instrument  used  at  the  transmit- 
ting end  has,  however,   been  changed,  as  explained   in   the  next 
paragraph,  and  the  circuit  is  now  completed  through  a  return  wire 
instea<l  of  through  the  earth.     A  modem  telephone  receiver  is  shown 
in  Fig.  78.    G  is  me  mouthpiece,  E  the  diaphragm,  A  the  U-shaped 
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magnet,  B  the  coils,  consisting  of  many  turns  of  fine  wire,  and  D 
the  terminals  of  the  line. 

78.  The  Modern  Transmitter.  To  increase  the  distance  at 
which  telephoning  may  be  done,  it  is  necessary  to  increase  the  strength 
of  the  induced  cur- 
rents. This  is  done 
in  the  modem  trans- 
mitter by  replacing 
the  magnet  and  coil 
by  an  arrangement 
which  is  essentially 
an  induction  coil, 
the  current  in  the 
primary  of  which  is 
caused  to  vary  by  the  motion  of  the  diaphragm.  This  is  accomplished 
as  follows:  The  current  from  the  battery  (B,  Fig.  79)  is  led  first  to 
the  back  of  the  diaphragm  E,  whence  it  passes  through  a  little  chamber 
C  filled  with  granular  carbon  to  the  conducting  back  d  of  the  trans- 
mitter, and  thence  through  the  primary  p  of  the  induction  coil,  and 
back  to  the  battery.  As  the  diaphragm  vibrates  it  varies  the  pressure 
upon  the  many  contact  points  of  the  granular  carbon  through  which 
the  primary  current  flows.  This  produces  considerable  variation 
in  the  resistance  of  the  primary  circuit,  so  that  as  the  diaphragm 
moves  forward,  i.e.,  toward  the  carbon,  a  comparatively  large  current 


Fig.  78.   Sectional  View  of  Modem  Telephone  Receiver. 


Transmitter 


.Fig.  79.    Connections  of  Modern  Transmitter. 

flows  through  p,  and  as  it  moves  back,  a  much  smaller  current.  These 
changes  in  the  current  strength  in  the  primary  p  produce  changes  in 
the  magnetism  of  the  soft-iron  core  of  the  induction  coil.  Currents 
are  therefore  induced  in  the  secondary  s  of  the  induction  coil,  and 
these  currents  pass  over  the  line  and  affect  the  receiver  at  the  other 
end  in  the  manner  explained  in  the  preceding  paragraph.  Fig. 
80  shows  a  section  of  a  complete  long-distance  transmitter. 
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79.  The  Subscriber's  Telephone  Connections.  In  the  most 
recent  practice  of  the  Bell  Telephone  Company,  the  local  battery  at 
the  subscril)er's  end  is  done  away  with  altogether,  and  the  primary 
current  is  furnished  by  a  battery  at  the  central  station.  Fig.  81 
shows  the  essential  elements  of  such  a  system.    A  battery  B,  usually 

of  25  volts  pressure,  is  always  kept 
connected  at  central  to  all  the  lines 
which  enter  the  exchange.  No 
current  flows  through  these  lines, 
however,  so  long  as  the  subscriber's 
receivers  R  are  upon  their  hooks  H; 
for  the  line  circuit  is  then  open  at 
the  contact  points  t  It  would  be 
closed  through  the  bell  b  were  it 
not  for  the  introduction  of  the 
condenser  C  in  series  with  the  bell. 
This  makes  it  impossible  for  any 
direct  current  to  pass  from  one  side 
of  the  line  to  the  other,  so  long  as  the  receiver  is  upon  the  hook. 
But  if  die  operator  at  central  wishes  to  call  up  the  subscriber,  she 
has  only  to  throw  upon  the  line  an  alternating  current  from  the  mag- 
neto M,  or  from  any  alternating-current  generator  whose  terminals 
she  can  connect  to  the  subscriber's  line  by  turning  a  switch.  This 
alternating  current  surges  back  and  forth  through  the  bell  into  the 


Pig.  80.    Sectional  View  of  Modern 
Transmitter. 


Subscriber 


Line 


Central 


Fig.  81     Essential  Elements  of  Subscriber's  Telephone  Connections. 

conden.scr  and  out  again,  first  charging  the  condenser  plates  in  one 
direction,  then  in  the  other.  By  making  the  capacity  of  this  con- 
denser sufficiently  large,  this  alternating  current  is  made  strong  enough 
to  pull  the  armature  a  first  toward  the  electromagnet  m,  then  toward 
n.     In  this  way  it  rings  the  bell. 

On  the  other  hand,  if  the  subscriber  wishes  to  call  up  central, 
he  has  only  to  lift  the  receiver  from  the  hook.    This  closes  the  line 
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circuit  at  t,  and  the  direct  current  which  at  once  begins  to  flow  from 
the  battery  B  through  the  electromagnet  g  closes  the  circuit  of  B 
through  the  glow  lamp  /  and  the  contact  point  r.  This  lights  up 
the  lamp  I  which  is  upon  the  switchboard  in  front  of  the  operator. 
Upon  seeing  this  signal,  the  latter  moves  a  switch  which  connects  her 
own  telephone  to  the  subscriber's  line.  Then,  as  the  latter  talks 
into  the  transmitter  T,  the  strength  of  the  direct  current  from  the 
battery  B,  through  the  primary  p,  is  varied  by  the  varying  pressure 
of  the  diaphragm  E  upon  the  granular  carbon  c,  and  these  variations 
induce  in  the  secondary  s  the  talking  currents  which  pass  over  the 
line  to  the  receiver  of  the  operator.  Although  with  this  arrangement 
the  primary  and  secondary  currents  pass  simultaneously  over  the 
same  line,  speech  is  found  to  be  transmitted  quite  as  distinctly  as 
when  the  two  circuits  are  entirely  separate,  as  is  the  case  with  the 
arrangement  of  Fig.  79.  When  the  operator  finds  what  number 
the  subscriber  wishes,  she  connects  the  ends  d  and  e  of  his  line  with 
the  ends  of  the  desired  line  by  means  of  a  flexible  conducting  cord 
which  terminates  in  a  metallic  plug  u,  suitable  for  making  contact 
with  d  and  e.  As  soon  as  the  subscriber  replaces  his  receiver  upon 
its  hook,  the  lamp  /  is  extinguished,  and  the  operator  thereupon 
withdraws  u  and  thus  disconnects  the  two  lines. 
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Electromotive  Force.  When  a  difference  of  electrical  poten- 
tial exists  between  two  points,  there  is  said  to  exist  an  electro^ 
motive  force^  or  tendency  to  cause  a  current  to  flow  from  one  point 
to  the  other.  In  the  voltaic  cell  one  plate  is  at  a  different  potential 
from  the  other,  which  gives  rise  to  an  electromotive  force  between 
them.  Also  in  the  induction  coil,  an  electromotive  force  is  created 
in  the  secondary  circuit  caused  by  the  action  of  the  primary.  This 
electromotive  force  is  analogous  to  the  pressure,  caused  by  a  dif- 
ference in  level  of  two  bodies  of  water  connected  by  a  pipe.  The 
pressure  tends  to  force  the  water  through  the  pipe,  and  the 
electromotive  force  tends  to  cause  an  electric  current  to  flow. 

The  terms  potential  difference  and  electromotive  force  are 
commonly  used  with  the  same  meaning,  but  strictly  speaking  the 
potential  difference  gives  rise  to  the  electromotive  force.  Electro- 
motive force  is  commonly  designated  by  the  letters  U.  M.  F,  or 
simply  E.     It  is  also  referred  to  as  pressure  or  voltage. 

Current.  A  current  of  electricity  flows  when  two  points,  at 
a  difference  of  potential,  are  connected  by  a  wire,  or  when  the 
circuit  is  otherwise  completed.  Similarly  water  flows  from  a  high 
level  to  a  lower  one,  when  a  path  is^rovided.  In  either  case  the 
flow  can  take  place  only  when  the  path  exists.  Hence  to  produce 
a  current  it  is  necessary  to  have  an  electromotive  force  and  a  closed 
circuit.  The  current  continues  to  flow  only  as  long  as  the  electro- 
motive force  and  closed  circuit  exist. 

The  strength  of  a  current  in  a  conductor  is  defined  as  the 
quantity  of  electricity  which  passes  any  point  in  the  circuit  in  a 
unit  of  time. 

Current  is  sometimes  designated  by  the  letter  (7,  but  the 
letter  /will  be  used  for  current  throughout  this  and  following 
sections.  The  latter  symbol  was  recommended  by  the  Interna- 
tional Electrical  Congress  held  at  Chicago  in  1893,  and  has  since 
been  universally  adopted. 


81 


THE  ELECTRIC  CURRENT. 


Resistance.  Resistance  is  that  property  of  matter  in  virtue 
of  which  bodies  oppose  or  resist  the  free  flow  of  electricity.  Water 
passes  witli  difliculty  through  a  small  pipe  of  great  length  or 
through  a  pipe  filled  with  stones  or  sand,  but  very  readily  through 
a  large  clear  pipe  of  short  length.  Likewise  a  small  wire  of  con- 
siderable length  and  made  of  poor  conducting  material  offei-s  great 
resistance  to  the  passage  of  electricity,  but  a  good  conductor  of 
short  lengtli  and  large  cross  section  offers  very  little  resistance. 

Resistance  is  designated  by  the  letter  R. 

Volt,  Ampere  and  Ohm.  The  volt  is  the  practical  unit  of 
electromotive  force. 

The  ampere  is  the  practical  unit  of  current. 

The  ohm  is  the  pi-aotical  unit  of  resistance.  The  microhm  i^ 
one  milRonth  of  an  ohm  and  the  megohm  is  one  million  chms. 

The  standard  values  of  the  above  units  were  very  accurately 
determined  by  the  International  Electrical  Congress  in  1893,  and 
are  as  follows : 

The  International  ohm,  or  true  ohm,  as  nearly  as  known,  ig 
the  resistance  of  a  uniform  column  of  mercury  106.3  centimeters 
long  and  14.4521  gi-ams  in  mass,  at  the  temperature  of  melting 
ice. 

The  ampere  is  the  strength  of  current  which,  when  passed 
through  a  solution  of  silver  nitrate,  under  suitable  conditions, 
deposits  silver  at  the  rate  of  .001118  gram  per  second.  Current 
strength  may  be  very  accurately  determined  by  electrolysis,  and 
it  b  used  therefore  in  determining  the  standard  unit. 

The  volt  is  equal  to  the  E.  M.  F.  which,  when  applied  to  9. 
conductor  having  a  resistance  of  one  ohm,  will  produce  in  it  a 
current  of  one  ampere.  One  volt  equals  i|J|  of  the  E.  M.  F.  of 
a  Clark  standard  cell  at  15°  Centigrade. 

RESISTANCE. 

All  substances  resist  the  passage  of  electricity,  but  the  resist- 
ance offered  by  some  is  very  much  greater  than  that  offered  by 
others.  Metals  have  by  far  the  least  resistance  and  of  these,  silver 
possesses  the  least  of  any.  In  other  words,  silver  is  the  best  con- 
ductor.   If  the  temperature  remains  the  same,  the  resistance  of  a 
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conductor  is  not  affented  by  the  current  passing  through  it.  A 
current  of  ten,  twenty  or  any  number  of  amperes  may  pass  through 
a  circuit,  but  its  resistance  will  be  unchanged  with  constant  tem- 
perature. Resistance  .is  affected  by  the  temperature  and  also  by 
the  degree  of  hardness.  Annealing  decreases  the  resistance  of  a 
metal. 

Conductance  is  the  inverse  of  resistance  ;  that  is,  if  a  conduc- 
tor has  a  resistance  of  R  ohms,  its  conductance  is  equal  to .. 

R 

Resistance  Proportional  to  Length.  The  resistance  of  a 
conductor  is  directly  proportional  to  its  length.  Hence,  if  the 
length  of  a  conductor  is  doubled,  the  resistance  is  doubled,  or  if 
the  length  is  divided,  say  into  three  equal  parts,  then  the  resist- 
ance of  each  part  is  one  third  the  total  resistance. 

Example.  —  The  resistance  of  1283  feet  of  a  certain  wire  is 
6.9  ohms.     What  is  the  resistance  of  142  feet  of  the  same  wire  ? 

Solution.  —  As  the  resistance  is  directly  proportional  to  the 
length  we  have  the  proportion, 

required  resistance  :  6.9  :  :  142  :  1283 
required  resistance  142 


or, 


6.9  1283 

142 


Hence,  required  resistance  =  6.9  X 


1283 
=  .76  ohm  (approx.) 

Ans.  .76  ohm. 

Example The  resistance  of  a  wire  having  a  length  of  521 

feet  is   .11   ohm.     What  length  of  the  same   wire  will  have  a 

resistance  of  .18  ohm? 

Solution.  —  As  the  resistance  is  proportional  to  lehgth,  we 

have  the  proportion, 

required  length  :  521  :  :  .18  :  .11 

required  length .18 

""'  ~521  Jl 

18 
Hence,  req'iired  length  =  521  X  ^ 

sx  852  feet  (approx.) 

Ans.  852  feet 
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Resistance  Inversely  Proportional  to  Cross-Section.     The 

resistance  of  a  conductor  is  inversely  proportional  to  its  cross-sec- 
tional area.  Hence  the  greater  the  cross-section  of  a  wire  the  less 
is  its  resistance.  Therefore,  if  two  wires  have  the  same  length, 
but  one  has  a  cross-section  three  times  that  of  the  other,  the 
resistance  of  the  former  is  one- third  that  of  the  latter. 

Example. — The  ratio  df  the  cross-sectional  area  of  one  wire 

257 
to  that  of  another  of  the  same  length  and  material  is  y— p  •       The 

resistance  of  the  former  is  1G.3  ohms.     What  is  the  resistance  of 

the  latter  ? 

Solution. — As  the  resistances  are   inversely  proportional    to 

tlie  cross-sections,  the  smaller  wire  has  the  greater  resistance,  and 

we  have  the  proportion  : 

required  resist.  :  16.3  :  :  257  :  101 

or,  required  resist.  257 

16:8  lol 

257 

Hence,  required  resist.  =  16.8    X  - — 

^  101 

=  41.5  ohms  (approx.) 

Ans.  41.5  ohms. 

Example.  —  If  the  resistance  of  a  wire  of  a  certain  length 

and  having  a  cross-sectional  area  of  .0083  square  inch  is  1.7  ohms, 

what  would  be  its  resistance  if  the  area  of  its  cross-section  were 

.092  square  inch  ? 

Solution.  —  Since  increasing  the  cross-sectional  area  of  a  wire 

decreases  its  resistance,  we  have  the  proportion, 

required  resist.  :  1.7  :  :  .0083  :  .092 

^  required  resist.  _     .0083 

'  TT        ~  "^     .092 

Hence,  required  resist.  =  1.7  X    '^^^^ 

.092 

=  .15  ohm  (approx.) 

Ans.  .15  ohm. 

As  the  area  of  a  circle  is  proportional  to  the  square  of  its 

diameter,  it  follows  that  the  resistances  of  round  conductors  are 

inversely  proportional  to  the  squares  of  their  diameters. 

Example.  —  The  resistance  of  a  certain  wire  having  a  diam. 
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eter  of  .1  inch  is  12.6  ohms.     What  would  be  its  resistance  if  the 
diameter  were  increased  to  .32  inch? 

Solution.  —  The  resistances  being  inversely  proportional  to 
the  squares  of  the  diameters,  we  have, 

required  resist.  :  12.6  :  :  .l^  :  .322 


or. 


required  resist.    _    .l^ 
■  12:6  "322" 


.12 


Hence,  required  resist.   =  12.6  X 

___  12.6  X  -01 

"~       .1024 

=1.23  ohms  (approx.) 

Ans.  1.23  ohms. 

5pecific  Resistance.     The  specific  resistance  of  a  substance 

is  the  resistance  of  a  portion  of  that  substance  of  unit  length  and 

unit  cross-section  at  a  standard  temperature.     The  units  commonly 

used  are  the  centimeter  or  the  inch,  and  the  temperature  that  of 

melting  ice.     The  specific  resistance  may  therefore  be  said  to  bo 

the  resistance  (usually  stated  in  microhms)  of  a  centimeter  cube  or 

of  an  inch  cube  at  the  temperature  of  melting  ice.     If  the  specific 

resistances  of  two  substances  are  known  then  their  relative  resistr 

ance  is  given  by  the  ratio  of  the  specific  resistances. 

Conductivity  is  the  reciprocal  of  specific  resistance. 

Example.— ^ A  certain  copper  wire  at   the    temperature   of 

melting  ice  has  a  resistance  of  29.7  ohms.     Its  specific  resistance 

(resistance  of  1  centimeter  cube  in  microhms)  is  1.594,  and  that  of 

platinum  is  9.032.     What  would  be  the  resistance  of  a  platinum 

wire  of  the  same  size  and  length  of  the  copper  wire,  and  at  the 

same  temperature  ? 

Solution.  —  The   resistance  would  be  in  direct  ratio  of  the 

specific  resistances,  and  we  have  the  proportion : 

required  resist.  :  29,7  :  :  9.032  :  1.594 

9  032 
Hence,  required  resist.  =29.7  X     ' 

=  168.  ohms  (approx.) 

Ans.  168.  ohms. 

Calculation  of  Resistance.     From  the  preceding  pages  it  is 

evident  that  resistance  varies  directly  as  the  length,  inversely  as 
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the  cross-sectional  area,  aiivl  depends  upon  the  specific  resistance 
of  the  material.  This  may  be  expressed  conveniently  by  the 
formula, 

A 

in  which  It  is  the  resistance,  L  the  length  of  the  conductor,  A  the 
area  of  its  cross  section,  and  s  the  specific  resistance  of  the 
material. 

Example. —  A  telegraph  relay  is  wound  with  l.bOO  feet  of 
wire  .010  inch  in  diameter,  and  has  a  resistance  of  150  ohms. 
What  will  be  its  resistance  if  wound  with  400  feet  of  wire  .022 
inch  in  diameter? 

Solution. —  If  the  wires  were   of   equal   length,   we  should 

have  the  proportion, 

Required  resistance  :  150  :  :  (.010)'  :  (.022)' 

r.OlO)'^ 
or,  Required  resistance  =  150  X  77^9972  =  30.99-f-  ohms. 

For  a  wire  400  feet  long,  we  have,  therefore,  by  direct  proportion, 

Required  resistance  =  j-qttt.X  30.99  =  6.88-f. 

Ans.  6.88-}-  ohms. 
If  a  circuit  is  made  up  of  several  different  niaterials  joined  in 
series  with  each  other,  the  resistance  of  the  circuit  is  equal  to  the 
sum  of  tlie  resistances  of  its  several  parts.  In  calculating  the 
resistance  of  such  a  circuit,  the  resistance  of  each  part  should  first 
l)e  calculated,  and  the  sum  of  these  resistances  will  be  the  total 
resistance  of  the  circuit. 

The  table  on  page  9  gives  the  resistance  of  chemically  pure 
sulwtances  at  0°  Centigrade  or  32°  Fahrenheit  in  International 
ohms.  The  firet  column  of  numbers  gives  the  relative  resistances 
when  that  of  annealed  silver  is  taken  as  unity.  For  exampl*^,  mer- 
cury has  62.73  times  the  resistance  of  annealed  silver.  The 
eecond  and  third  columns  give  the  resistances  of  a  foot  of  wire 
.001  inch  in  diameter,  and  of  a  meter  of  wire  1  millimeter  in 
diameter,  respectively.  The  fourth  and  fifth  columns  give 
respectively  the  resistance  in  microhms  of  a  cubic  inch  and  cubic 
centimeter,  that  is,  the  specific  resistances. 
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Table  Showing  Relative  Resistance  of  Chemically   Pure  Substances  at 
Thirty-two  Degrees  Fahrenheit  in  International  Ohms. 


Metal 


Relative 
Resistance. 


Resistance 
of  a  wire 
1  foot  long, 
.001  inch  in 
diameter. 


Resistance 

of  a  wire 

1  meter  long, 

1  millimeter 

in  diameter. 


Resistance  in 
Microhms. 


Cubic     Cubic  Ceu' 
Inch.        timeter. 


Silver,  annealed. 
Copper,  annealed. 
Silver,  hard  drawn. 
Copper,  hard  drawn. 
Gold,  annealed. 
Gold,  hard  drawn. 
Aluminum,  annealed 
Zinc,  pressed. 
Platinum,  annealed. 
Iron,  annealed. 
Lead,  pressed. 
German  silver. 
Platinum-silver  alloy 
(^  platinum,  f  silver.) 
Mercury. 


1.000 
1.063 
1.086 
1.086 
1.369 
1.393 
1.935 
3.741 
6.022 
6.460 
13.05 
13.92 

16.21 
62.73 


9.023 
9.585 
9.802 
9.803 
12.35 
12.56 
17.48 
33.76 
54.34 
58.29 
117.7 
125.5 

146.3 
570.7 


.01911 

.5904 

.02028 

.6274 

.02074 

.6415 

.02075 

.6415 

.02613 

.8079 

.02661 

.8224 

.03700 

1.144 

.07143 

2.209 

.1150 

3.555 

.1234 

3.814 

.2491 

7.706 

.2659 

8.217 

.3097 

9.576 

1.208 

37.05 

1.500 
1.594 
1.629 
1.629 
2.052 
2.088 
2.904 
5.610 
9.032 
9.689 
19.58 
20.87 

24.32 
94.06 


It  should  be  noted  that  the  resistances  in  the  above  table  are 
for  chemically  pure  substances,  and  also  at  32°  Fahrenheit.  A 
very  small  portion  of  foreign  matter  mixed  with  a  metal  greatly 
increases  its  resistance.  An  alloy  of  two  or  more  metals  always 
has  a  higher  specific  resistance  than  that  of  any  of  its  constituents. 
For  example,  the  conductivity  of  silver  mixed  with  1.2  per  cent 
in  volume  of  gold,  will  be  59  when  that  of  pure  silver  is  taken  as 
100.     Annealing  reduces  the  resistance  of  metals. 

The  following  examples  are  given  to  illustrate  the  use  of  the 
table  above  in  connection  with  the  formula  at  the  top  of  page  8, 
and  to  show  the  application  of  preceding  laws. 

Example.  —  From  the  specific  resistance  of  annealed  alu 
minum  as  given  in  the  next  to  the  last  column  of  the  table, 
calculate  the  resistance  given  in  the  second  column  of  figures  for 
that  substance. 

Solution. — The  resistance  in  microhms  of  a  cubic  inch  of 
annealed  aluminum  at  32°  F.  is  1.144,  which  is  equal  to 
.000001144  ohms.     The  resistance  of  a  wire  1  foot  loner  and  .001 
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inch  in  diameter   is  required.       In  the  formula  on  page  8,  we 
liave  8  =  .000001144,  i  =  1  foot  =  12  inches  and 

^  _  ^  _  3.1416  X. 001^   ^  .0000007854  sq.  in. 

4  4 

Sul)stitnting  these  values  in  the  formula, 

R  —  8 

A 


we  liave, 


19 

R  =  .000001144  X 


.0000007854 

=  17.48  ohms.  Ans.  17.48  ohms. 

Example. — The  resistance  in  microhms  of  a  cubic  centimeter 

of  annealed  platinum  at  32°  F.  is  9.032.     What  is  the  resistance 

of  a  wire  of  the  same  substance  one  meter  long  and  one  millimeter 

in  diameter  at  the  same  temperature  ? 

Solution. — In  the  formula  for  resistance  we  have  the  quan- 
tities «  =  9.032  microhms  =  .000009032  ohms  ;  X  =  1  meter  = 
100  centimeters  ;  and 

I  ird^  3.1416X.12  r,r,»nr. 

A  = = — =  .007854  sq.  cm. 

4  4 

the  diameter  being  equal  to  1  millimeter  =  .1  cm. 
Suljstituting  these  values  we  have, 

R  =  .000009032  x  Jt^L_ 
.007854 

=  .1150  ohms.  Ans.  .115  ohms. 

Example. — From  the  table  the  resistance  of  1  ft.  of  pure 
annealed  silver  wire  .001  inch  in  diameter  at  32°  F.  is  9.023 
ohms.  What  is  the  resistance  of  a  mile  of  wire  of  the  same  sub- 
stance .1  inch  in  diameter  at  that  temperature? 

Solution.  —  As  the  resistance  of  wires  is  directly  proportional 
to  their  length  and  inversely  proportional  to  the  squares  of  their 
diameters,  the  required  resistance  is  found  by  multiplying  the 
resistance  per  foot  by  5,280  and  the  product  by  the  inverse 
squares  of  the  diameters. 

Therefore  R.  =  9.023  X  5280  X    j  —  \  ^ 

=?  4.76  ohms  Tapprox.) 

Ans.  4.76  ohms. 
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Example. — A  mile  and  one-half  of  an  annealed  wire  of  pure 
iron  has  a  resistance  of  46.1  ohms.  What  would  be  the  resist- 
ance of  hard  drawn  wire  of  pure  copper  of  the  same  length  and 
diameter,  assuming  each  to  be  at  the  temperature  of  melting  ice? 

Solution. — The  only  factor  involved  by  this  example  is  the 
relative  resistance  of  the  two  metals.  From  the  table,  page  9, 
annealed  iron  has  6.460  and  hard-drawn  copper  1.086  times  the 
resistance  of  annealed  silver.  Hence  the  resistance  of  the  copper 
is  to  that  of  the  iron  as  1.086  is  to  6.460,  and  the  required  resist- 
ance is 

^=46.1  X  l^^  =  7.75  ohms  (approx.) 
6.460  ^  ^ 

Ans.  7.75  ohms. 

Example.  —  If  the  resistance  of  a  wire  7,423  feet  long  is 
18.7  ohms,  what  would  be  its  resistance  if  its  length  were  reduced 
to  6,253  feet  and  its  cross-section,  made  one  half  again  as  large  ? 

Solution.  —  As  resistance  is  directly  proportional  to  the 
length,  and  inversely  proportional  to  the  area  of  the  cross-section, 
the  required  resistance  is 

B  =  18.7  X  ^X  1=  10.5  ohms  (approx.) 

Ans.  10.5  ohms. 
Resistance  Affected  by  Heating:.  The  resistance  of  metals 
depends  upon  the  temperature,  and  the  resistance  is  increased  by 
heating.  The  heating  of  some  substances,  among  which  is  carbon, 
causes  a  decrease  in  their  resistance.  The  resistance  of  the 
filament  of  an  incandescent  lamp  when  lighted  is  only  about  half 
as  great  as  when  cold.  All  metals,  however,  have  their  resistance 
increased  by  a  rise  in  temperature.  The  percentage  increase  in 
resistance  with  rise  of  temperature  varies  with  the  different 
metals,  and  varies  slightly  for  the  same  metal  at  different  tem- 
peratures. The  increase  is  practically  uniform  for  most  metals 
throughout  a  considerable  range  of  temperature.  The  resistance 
of  copper  increases  about  .4  per  cent,  per  degree  Centigrade,  or 
about  .22  per  cent,  per  degree  Fahrenheit.  The  percentage 
increase  in  resistance  for  alloys  is  much  less  than  for  the  simple 
metals.  Standard  resistance  coils  are  therefore  made  of  alloys,  as 
it  is  desirable  that  their  resistance  should  be  as  nearly  constant  as 
possible. 
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The  cliange  in  resistance  of  one  ohm  per  degree  rise  in  tern- 
perature  for  a  substance  is  called  the  temperature  coefficient  for 
that  substiiMce.  The  following  table  gives  the  temperature  coeffi- 
cients for  a  few  substances. 

TEriPERATURE    COEFFICIENTS. 


RISE   IN   R.  OP  1   OHM   WHBN   HEATBD: 

MATERIAI.. 

lOP. 

1°  c. 

Platinoid 

.00012 

.00022 

Platinum-silver 

.00014 

.00025 

German  silver 

.00022 

.00040 

Platinum 

.0019 

.0035 

Silver 

.0021 

.0038 

Copper,  aluminum 

.0022 

.0040 

Iron 

.0026 

.0046 

If  the  resistance  of  a  conductor  at  a  certain  temperature  is 
known,  the  resistance  the  conductor  will  have  at  a  higher  tem- 
perature may  be  found  by  multiplying  the  temperature  coefficient 
for  the  substance,  by  the  number  of  degrees  increase  and  by  the 
resistance  at  the  lower  temperature,  and  adding  to  this  result  the 
resistance  at  the  lower  temperature.  The  product  of  the  temper- 
ature coefficient  by  the  number  of  degrees  increase  gives  the  in- 
crease in  resistance  of  one  ohm  through  that  number  of  degrees, 
and  multiplying  this  by  the  number  of  ohms  gives  the  increase  in 
resistance  for  the  conductor.  The  result  obtained  is  practically 
correct  for  moderate  ranges  of  temperature. 

The  above  method  of  calculating  the  resistance  of  conductors 
at  increased  temperatures  is  conveniently  expressed  by  the  follow- 
ing formula : 

7^2  =  i^i  (1  4-  «  0 
where  R^  '^  ^^^  resistance  at  the  higher  temperature,  R^  that  at 
tlie  lower  temperature,  a  the  temperature  coefficient  for  the  sub- 
stance and  t  the  number  of  degrees  change. 

From  the  preceeding  formula  it  follows  that  if  the  resistance 
at  the  higher  temperature  is  known,  that  at  the  lower  temperature 
will  \h)  given  by  the  formula : 


M. 


^2 

1  +at 


eo 


^0 
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In  calculating  resistances  at  different  temperatures,  the  tem- 
perature coefficient  based  on  the  Fahrenheit  scale  should  be  used 
if  the  number  of  degrees  change  is  given  in  degrees  Fahrenheit, 
and  that  based  on  the  Centigrade  scale  if  given  in  degrees 
Centigrade. 

Example. —  The  resistance  of  a  coil  of  German  silver  wire  at 
12°  C.  is  1304  ohms.  What  would  be  its  resistance  at  a  temper- 
ature of  60°  C? 

Solution. —  From  the  statement  of  the  example  B^  =  1304^ 
^  =  60  —  12  =  48,  and  from  the  table  page  12,  a  =  .0004. 
Substituting  these  values  in  the  first  of  the  preceding  formukih^  W8 
have, 

B^  =  1304  (1  +  .0004  X  48) 
=  1304  X  1.0192 
=  1329  .ohms  (approx.) 

Ans.  1329  ohms. 
Example.  —  If  tlie  resistance  of  a  copper  conductor  at  95°  F. 
is  48.2  ohms,  what  v/ould  be  the  resistance  of  the  same  conductor 
at  40°  F.? 

Solution.— In  this  case  B^  =  48.2,  ^  =  95  —  40  =  55, 
and  from  the  table  a  =.  .0022.  Substituting  these  values  in  the 
formula  at  the  foot  of  page  12,  we  have, 

7?    -  48.2  _   48.2 

1  -  1  +  .002ti  X  55        1.121 
=  43.  ohms  (approx.) 

Ans.  43  ohms. 
The  first  table  on  page  14  gives  the  resistance  of  the  most 
common  sizes  of  copper  wire  according  to  the  American  or  Brown 
and  Sharpe  (B.  &  S.)  gauge.     The  resistance  given  is  for  pure 
copper  wire  at  a  temperature  of  75°  F.  or  24°  C. 

The  first  column  gives  the  number  of  the  wire,  the  second 
the  diameter  in  thousandths  of  an  inch  or  mils,  and  the  third  the 
diameter  in  millim<^ters,  The  fourth  column  gives  the  equivalent 
number  of  wires  each  one  mil  or  one  thousandth  of  an  inch  in 
diameter.  This  is  called  the  size  of  the  wire  in  circular  mils  and 
is  equal  to  the  square  of  the  diameter  in  mils.  The  fifth  column 
gives  the  ohms  per  thousand  feet  and  the  resistance  per  mile  is 
found  by  multiplying  these  values  by  5.28.     Ordinary  commercial 
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coi)per  lias  a  conductivity  of  abont  95  to  97  per  cent,  of  that  of 
pure  copper.  The  resistance  of  commercial  wire  is  therefore  about 
3  to  5  per  cent,  greater  than  the  values  given  in  the  table.  The 
resistance  for  any  metal  other  than  copper  may  be  found  by  mul- 
tiplying the  resistance  given  in  the  table  by  the  ratio  of  the  spec- 
ific resistance  of  the  given  metal  to  the  specific  resistance  of 
copper. 

American  Wire  Gauge  (B.  &  5.) 


No. 

Diameter  In 

Circular 
Mils. 

Ohms 

loSfpt. 

No. 

Diameter  in 

Circular 
Mils. 

Ohms 

Mils. 

MiUim. 

MUs. 

Millim. 

lOWFt. 

0000 

460.00 

11.684 

211600.0 

.051 

19 

85.89 

.912 

1288.0 

•   8.617 

000 

409.64 

10.405 

167805.0 

.064 

20 

31.96 

.812 

1021.5 

10.566 

00 

364.80 

9.266 

133079.4 

.081 

21 

28.46 

.723 

810.1 

13.323 

0 

324.95 

8.254 

105592.5 

.102 

22 

25.3') 

.644 

642.7 

16.799 

1 

289.30 

7.348 

83694.2 

.129 

23 

22.57 

.573 

509.5 

21.185 

2 

257.(a 

6.544 

66373.0 

.163 

24 

20.10 

.511 

404.0 

26.713 

8 

229.42 

5.827 

52634.0 

.205 

25 

17.90 

.455 

320.4 

33.684 

4 

204.31 

5.189 

41742.0 

.259 

26 

15.94 

.405 

254.0 

42.477 

6 

181.94 

4.621 

33102.0 

.326 

27 

14.19 

.361 

201.5 

53.563 

6 

162.02 

4.115 

26250.5 

.411 

28 

12.64 

.321 

159.8 

67.542 

7 

144.28 

3.665 

20816.0 

.519 

29 

11.26 

.286 

126.7 

85.170 

8 

128.49 

3.264 

16509.0 

.654 

SO 

10.03 

.255 

100.5 

107.391 

9 

114.43 

2.907 

13094.0 

.824 

31 

8.93 

.227 

79.7 

135.402 

10 

101.89 

2.588 

10381.0 

1.040 

32 

7.95 

.202 

63.2 

170.766 

11 

90.74 

2.305 

8234.0 

1.311 

33 

7.08 

.180 

50.1 

215.312 

12 

80.81 

2.063 

6529.9 

1.653 

34 

6.30 

.160 

89.7 

271.683 

13 

71.96 

1.828 

5178.4 

2.084 

35 

5.61 

.143 

31.5 

342.443 

14 

64.08 

1.628 

4106.8 

2.628 

36 

5.00 

.127 

25.0 

431.712 

16 

57.07 

1.450 

3256.7 

3.314 

37 

4.45 

.113 

19.8 

544.287 

16 

50.82 

1.291 

2582.9 

4.179 

36 

3.96 

.101 

15.7 

686.511 

17 

45.26 

1.150 

2048.2 

5.269 

89 

3.53 

.090 

12.5 

865.046 

18 

40.30 

1.024 

1624.1 

6.645 

40 

3.14 

.080 

9.9 

1091.865 

The  following  table  gives  the  size  of  the  English  or  Birming- 
ham wire  gauge.  The  B.  &  S.  is  however  much  more  frequently 
used  in  this  country.  The  Brown  and  Sharpe  gauge  is  a  little 
amaller  than  the  Birmingliam  for  corresponding  numbers. 


Stubs' 

or  Birmingham  Wi 

re  Gauge  (B. 

W.  G. 

) 

No, 

Diameter  in 

Diameter  in 

Diameter  in 

Mils. 

MiUim. 

MUb. 

Millim. 

No. 

Mils. 

Minim. 

0000 

454 

11.53 

8 

165 

4.19 

18 

49 

1.24 

00 

380 

9.65 

10 

134 

3.40 

20 

35 

0.89 

1 

300 

7.62 

12 

109 

2.77 

24 

22 

0.55 

4 

238 

6.04 

14 

83 

2.11 

30 

12 

0.31 

6 

203 

5.16 

16 

65 

1.65 

36 

' 

0.10 
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EXAHPLES  FOR  PRACTICE. 

1.  What  is  the  resistance  of  an  annealed  silver  wire  90  feet 
long  and  .2  inch  in  diameter  at  32°  F.?  Ans.  .02+  ohm. 

2.  What  is  the  resistance  of  300  meters  of  annealed  iron 
wke  4  millimetei'S  in  diameter  when  at  a  temperature  of  0°  C? 

Ans.  2.31+  ohms. 

3.  What  is  the  resistance  of  2  miles  of  No.  27  (B.  &  S.)  pure 
copper  wire  at  75°  F.?  Ans.  565.+  ohms. 

4.  The  resistance  of  a  piece  of  copper  wire  at  32°F.  is  3 
ohms.     What  is  its  resistance  at  49°F.?  Ans.  3.11+  ohms. 

5.  The  resistance  of  a  copper  wire  at  52°F.  is  7  ohms. 
What  is  its  resistance  at   32°F.?  Ans.  6.70+  ohms. 

6.  What  is  the  resistance  of  496  ft.  of  No.  10  (B.  &  S.) 
pure  copper  wire  at  45°F.?  Ans.  .483+  ohms. 

On  pages  16  and  17  is  given  a  table  disclosing  among  other 
data  the  resistance  of  various  primary  cells.  The  resistance  of  a 
circuit  of  which  a  battery  forms  a  part,  is  made  up  of  the  external 
resistance,  or  the  resistance  of  outside  wires  and  connections,  and 
the  internal  resistance,  or  the  resistance  of  the  battery  itself. 
The  table  referred  to  gives  in  the  fii-st  column  the  name  of  the 
cell.  In  the  second  and  third  column  a^^pears  the  name  of  the 
anode  and  kathode  respectively.  These  terms  are  commonly 
used  with  reference  to  electrolysis  but  may  also  be  applied  to 
primary  cells.  The  current  passes  from  the  anode  to  the  kathode 
through  the  cell,  and  tlierefore  with  reference  to  the  cell  itself, 
the  anode  may  be  considered  the  positive  element  and  the  kath- 
ode the  negative  element.  In  regard  to  the  outside  circuit  how- 
ever, the  current  passes  of  course,  from  the  kathode  to  the  anode, 
and  hence  with  reference  to  the  outside  circuit  the  kathode  is 
positive  and  the  anode  negative ;  ordinarily  the  external  circuit 
is  considered.  As  the  anode  of  almost  all  primary  cells  is  zinc  it 
may  readily  be  remembered  that  the  current  passes  from  the  other 
element  to  the  zinc  through  the  external  circuit.  The  fourth  and 
fifth  columjis  of  the  table  give  the  excitant  and  depolarizer  res])ec, 
tively.  The  sixth  column  gives  the  E.  M.*F.  of  each  cell  when  it 
is  supplying  no  current,  and  the  last  column  gives  the  internal 
resistance  in  ohms. 
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TABLE   IN    RELATION  TO  PRIHARY  CELLS,   ELECTRO- 
nOTIVE  FORCE,    RESISTANCE,    ETC. 


NAME 

OP 
CELU 


KATHODE. 


EXCITANT. 


DEPOLABIZKK. 


E.   M.    F. 

IN 
VOLTS. 


INTERN  Ali 
RESIST- 
ANCE  IN 
OHMS. 


Volta 

(WollM- 

top,  etc.) 


Law 


PoKKOU- 

dorff 
(Grenet) 

PoBKcn- 

dorff 
(Grenet) 
two  fluid 


Grove 


Bunsen 


Leclanche 


lAlande 
I<alande— 
Chaperon 


Upward 
Pftch 

Papst 


Obach 

(dry) 

Daniel! 
(Meidin- 
Kcr  Mln- 
»tto,  etc.) 

\>e  la  Rue 


Marie 
Davjr 

Clark 
ifitsndard) 

WMton 


Zinc 


Zinc 


Zinc 

Zinc 

Zinc 
Zinc 

Zinc 

Zinc 

Zinc 
Zinc 

Iron 

Zinc 

Zinc 

Zinc 

Zinc 

Zinc 

Cadmiam 


Copper 


Platinized 
Silver 


Carbon 


Graphite 
(Carbon) 


Graphite 
(Carbon) 


'latinum 


(iraphitc 
(Carbon) 


Graphite 
(Carbon) 


Graphite 
(Carbon) 

Graphite 
(Carbon) 

Graphite 
(Carbon) 

Graphite 
(Carbon) 


Graphite 
(Carbon) 


Copper 
Silver 


Graphite 
(Carbon) 


Mercury 
Mercury 


Solution  of 
Sulphuric  Acid 
.     (HaSOJ 

Solution  of 

Sulphuric  Acid 

(H, SOJ 

Solution  of 

Sulphuric  Acid 

(H,  SO4) 

Solution  of 

Sulphuric  Acid 

(H2  SO4) 

Saturated  Solu- 
tion of  Potas- 
sium Dichro- 
mate  and 

Sulphuric  Acid 

Sulphuric  Acid 
dilute  (H3  SO4) 

Sulphuric   Acid 
dilute   (HjSOJ 

Ammonium 
Chloride 
(NH4  C\) 

Caustic    Potash 

or  Potassium 
Hydrate  (KOH) 

Zinc  Chloride 
(ZnClj) 

Ammonium 

Chloride 
-  (NH4  CI) 

Ferric  Chloride 
(Fe,  Cle) 

Ammonium 

Chloride 
(NH4Cl)in 
Calcium  Sul- 
phate (CaSO^) 

Zinc  Sulphate 
(Zn  8O4) 

Ammonium 
Chloride 


None 


None 


Potassium 
Bichromate 
(K3  Crg  O^) 


None 
Separate 


Nitric  Acid 
(HNO3) 

Nitric  Acid 
Chromic  Acid 


Manganese 
Dioxide 

(MnOa) 


Cupric  Oxide 


Chlorine  (CI) 

Sodium  &  Potas- 
sium  Chlorates 
(NaClOa-f- 
K  CIO3) 

(Fea  Cle) 


Manganese 
Dioxide 
(MnOa) 


Sulphuric  Acid 
dilute   (H,  SO4) 

Zinc  Sulphate 
(ZnSoJ 

Cadmium  Sul- 
phate (CdSO*) 


Copper  Sul- 
phate (Cu  SO4) 

Silver  Chloride 
(AgCl) 

Paste  of  Sulph- 
ate of  Mercury 
(Hg,  SO,) 

Mercurous  Sul- 
phate (Hgj  SO4) 

Mercurous  Sul- 
phate (Hga  SO«) 


I  to  0.5 


1  to  0.5 


2.1 


1.96 


1.8  to  1.98 
1.8 


0^ 


.001  to  .08 


0.1  to  0.12 


O.OJUoO.ll 
6.1  t6'b.l2 


0.8  to  0.98 


2.0 


0.4 


1.46 


1.03  to 
1.42 


1.52 


1.4a4* 


1.13  to  1.15 


1.3 


2  to  5 
0.4  to  0.6 

0.7&  to  1 

0.3  to  OJS 
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NAMB 

OF 
OBLIm 


EXCXTANT. 


DEPOLABIZBB. 


B.  M.  F. 

IN 
VOLTS. 


INTERNA I 

BBSIST- 

ANCE  IN 

OHMS. 


Von 
Helmholtz 

Chromic 
Acid 
single 
fluid 

Fuller 
Gaiffe 
Malche 

Kiaudet 


Schans- 
Chieff 


Skrlvanoff 


Zino 


Zino 


Zlno 


Zino 

Zinc 

scraps  In 

bath  of 

Mercury 


Zino 

Zino 
Zino 


Mercury 


Graphite 
(Carbon) 


Graphite 
(Carbon) 

Silver 


Platinized 
Carbon 


Graphite 
(Carbon) 


Graphite 
(Carbon) 


Silver 


Zinc  Chloride 
(Zn  Cla) 


Sulphuric  and 
Chromic  Acids, 
dilute  mixed 


Sulphuric  Acid 
(H,SOJ 

Zinc  Chloride 
(Zn  Clji 

Common  Salt 
Solution  t.  c. 
Sodium  Chlo- 
ride (NaCl) 

Common  Salt 
Solution  i.  e. 
Sodium  Chlo- 
ride (NaCl) 

Mercurial 
Solution 

Caustic  Potash 

or  Potassium 
Hydrate    KOH) 


Mercurous 
Chloride 
(Hg,  CI.) 

None 
Separate 


Potassium 
Dichromate 
(K,Cr,0,) 

Silver  Chloride 
(AgCl) 

None 
Separate 


Chloride  of 
Calcium 
(Lime) 
(Ca  CI3) 

None 
Separate 

Chloride  of 
Silver 
(AgCl) 


LO 

2.0 
t.02 

1.25 

1.0  to  1.6 

LS 


J016to.08 

0.5  to  0.7 
0.5  to  0.6 

Icoft 

6to6 

0.06  to  0.75 


*  At  15  degrees  Centigrade  or  59  degrees  Fahrenheit. 

Resistances  in  last  column  measured  in  cells  standing  6^  X  4" 

OHH'S  LAW. 

One  of  the  most  important  and  most  used  laws  of  electri- 
city is  that  fii-st  formulated  by  Dr.  G.  S.  Ohm,  and  known  as 
Ohm's  law.     This  law  is  as  follows : 

Ihe  current  is  directly  proportional  to  the  electromotive  force 
and  i7iver8ely  proportional  to  the  resistance. 

That  is,  if  the  electromotive  force  applied  to  a  circuit  is  in- 
crejised,  the  current  will  be  increased  in  the  same  proportion,  and 
if  the  resistance  of  a  circuit  is  increased  then  the  current  will  be 
decreased  proportionally.  Likewise  a  decrease  in  the  electromotive 
force  causes  a  proportional  decrease  in  current  and  a  decrease  in 
resistance  causes  a  proportional  increase  in  current.  The  current 
depends  only  upon  the  electromotive  force  and  resistance  and  in 
the  manner  expressed  by  the  above  simple  law.  The  law  may  be 
expressed  algebraically  as  follows: 

electromotive  force 


current  varies  as 


resistance 
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The  units  of  tliese  quantities,  tlie  ampere,  volt  and  olnn,  liave 
l>een  so  (tliosen  that  an  electroinotive  force  of  1  volt  applied  to  a 
resistance  of  1  ohm,  causes  1  ampei'e  of  current  to  flow.  Ohm's 
law  may  therefore  be  expressed  by  the  following  equation: 

wliere  /  is  the  current  in  amperes,  7t'  tlu^  electromotive  force  in 
volts  and  R  the  resistance  in  ohms.  ' 

It  is  therefortj  evident,  that  if  the  electromotive  force  and 
resistance  are  known  the  current  may  be  found,  or  if  any  two  of 
the  three  quantities  are  known  the  third  may  be  found.  If  the 
current  and  resistance  are  known  the  electromotive  force  may  ])e 
found  from  the  formula: 

E  =  IiI 
and  if  the  current  and  electromotive  force  are  known,  the  resist- 
ance may  be  found  from  the  formula: 

Simple  Applications.  The  following  examples  are  given  to 
illustrate  the  simplest  applications  of  Ohm's  law. 

Exam])ltt. — If  the  E.M.F.  applied  to  a  circuit  is  4  volts  and 
its  resistance  is  2  ohms,  what  current  will  flow? 

Solution. — By  the  formula  for  current, 

E         4 
/  =  -TT  =  -9-  =  2  amperes. 

Ans.  2  amperes. 
Example.— What  voltage  is  necessary  to  cause  a  current  of 
23  amperes  to  flow  through  a  resistance  of  820  ohms? 
Solution. — By  the  formula  for  E.M.F., 

E  =  ni=H20  X  23  =  18,860  volts. 

Ans.  18,860  volts. 
Example.— The  E.M.F.  applied  to  a  circuit  is  110  volts,  and 
it  is  <leHired   to  obtain  a  current  of  .6  amj)ere.     AV'hut  should   l)e 
the  resistance  of  the  circuit? 

Solution. — By  the  formula  for  resistance, 

1.'==:—=^^=  183. -f  ohms. 

Ans.  183  ohms. 
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Series  Circuits.  A  circuit  made  up  of  several  parts  all 
joined  in  series  with  each  other,  is  called  a  series  circuit  and  the 
resistance  of  the  entire  circuit  is  of  course  the  sum  of  the  separate 
resistances.  In  calculating,  the  current  in  such  a  circuit  the 
total  resistance  must  first  be  obtained,  and  tlie  current  may  then 
be  found  by  dividing  the  applied  or  total  E.M.F.  by  the  total 
resistance.     This  is  expi-essed  by  the  formula, 

J= ^ 

Ri-i-B^  +  R^  +  etc. 

Example.  —  Three  resistance  coils  are  connected  in  series  with 
each  other  and  liave  a  resistance  of  8,  4  and  17  olims  respectively. 
What  current  will  flow  if  the  E.M.F.  of  the  circuit  is  54  volts? 

Solution.  —  By  the  preceding  formula, 

^=B,  +  M,+nr^  +  4  +  ll-  ^  =  1.8+ampere8, 

Ans.  1.8-{-  amperes. 

Example. — Six  arc  lamps,  each  having  a  resistance  of  5 
ohms,  are  connected  in  series  with  each  other  and  the  resistance 
of  tbe  connecting  wires  and  other  apparatus  is  3.7  ohms.  What 
must  be  the  pressure  of  the  circuit  to  give  a  desired  current  of  9.6 
amperes  ? 

Solution.  —  The  total  resistance  of  the  circuit  is  72  =  (B  X  5) 
+  3.7  =  33.7  olims  and  tlie  current  is  to  be  /=  9.G  amperes. 
Hence  by  tlie  formula  for  E.M.F., 

JS  =  lil=^  33.7  X  d.«  =  323.+  volts. 

Ans.  323.+  volts. 

Example.  —  The  current  passing  in  a  cerUiin  circuit  was  12 
amperes  and  the  E.M.F.  was  743  volts.  The  circuit  was  made  up 
of  4  sections  all  connected  in  series,  and  the  resistance  of  three 
sections  was  16,  9  and  26  ohms  respectively.  What  was  the 
resistance  of  the  fourth  section? 

Solution.  —  Let  .r  =  the  resistance  of  the  fourth  section,  then 
72  =  16  +  0  +  26  +  .r  =-  51  +  a-,  J  =  12,  and  U  =  743.  By 
the  formula  for  resistance, 

/J  =;        or,     51  +  a;  =  -to~—  ^^'^  ohms  (approx.) 
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If51+a:  =  61.9  we  have,  by  transposing  61  to  the  other 
side  of  tlie  equation, 

X  =  61.9  —  51  =  10.9  ohms. 

Ans.  10.9  ohms. 

Example.  —  A  current  of  54  amperes  flowed  through  a  circuit 

when  .'•he  E.M.F.  was    220    volts.     What   resistance    should   be 

added   in  series  with   the  circuit   to  reduce   the   current  to  19 

amperes  ? 

,  Solution.  —  The  resistance  in  the  first  case  was, 

R  =.  ':1^  =.  4.07  ohms  (approx.) 
54 

The  resistance  in  the  second  must  be, 

220 

Ji  = =  11.58  ohms  (approx.) 

L  y 

The  reijuired  resistance  to  insert  in  the  circuit  is  the  differ- 
ence of  these  two  resistances,  or  11.58  —  4.07  =  7.51  ohms. 

Ans.  7.51  ohms. 

Fall  of  Potential  in  a  Circuit.  Fig.  1  illustrates  a  series 
circuit  in  which  the  resistances  A,  B,  C,  I)  and  ^  are  connected 
in  series  with  each  other  and  with  the  source  of  electricity. 
If  the  E.  M.  F.  is  known,  the  current  may  be  found  by  divid- 
ing the  E.  M.  F.  by  the  sum  of  all  the  resistances.  Ohm's  law 
may,  however,  be  api^lied  to  any  part  of  a  circuit  separately, 
as  well  as  to  the  complete  circuit.  Suppose  the  resistances  of 
Ay  J5,  (7,  D  and  U  are  4,  3,  6,  3  and  4  ohms  respectively,  and 
assume  that  the  source  has  no  resistance.  Suppose  the  current 
flowing  to  be  12  amperes.  The  E.  M.  F.  necessary  to  force  a 
current  of  12  amperes  through  the  resistance  X  of  4  ohms  is,  by 
applying  Ohm's  law,  equal  to  ^=  72  J=  4  X  12  =  48  volts. 
Hence  between  tlie  points  a  and  h  outside  of  the  resistance  A^ 
there  must  be  a  difference  of  potential  of  48  volts  to  force  the 
current  through  this  resistance.  Also  to  force  the  same  current 
tln-ough  By  the  voltage  necessary  is  3  X  12  =  36.  Similarly,  for 
each  part  (7,  I)  ind  E^  there  are  required  72,  36  and  48  volts 
respectively. 

As  48  volts  are  necessary  for  part  A  and  36  volts  for  part  B^ 
it  is  evident  tliat  to  force  the  current  tlirougli  both  parts  a  differ- 
ence of  potential  of  48  +  36  =  84  volts  is  required ;  that  is,  the 
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voltage  between  the  points  a  and  e  must  be  84  volts.  For  the 
three  parts  J.,  B  and  (7,  48  +  36  +  72  =  156  volts  ars  necessary, 
and  for  the  entire  circuit,  240  volts  must  be  applied  to  give  the 
current  of  12  amperes.  From  the  above  it  is  evident  that  there 
is  a  gradual  fall  of  potential  throughout  the  circuit,  and  if  the 
voltage  between  any  two  points  of  the  circuit  be  measured,  the 
E.  M.  F.  obtained  would  depend  upon  the  resistance  included 
between  these  two  points.  For  example,  the  voltage  between 
points  h  and  d  would  be  found  to  be  72  +  36  =  108  volts,  or 
between  d  and  e  36,  volts,  etc.  From  the  preceding  it  is  apparent 
that  the  fall  of  potential  in  a  part  of  a  circuit  is  equal  to  the 
current  nmltiijlied  by  the  resistance  of  that  part. 


j /sAAAAA- 
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Fig.  1. 

This  gradual  fall  of  potential,  or  dro'p  as  it  is  commonly 
called,  throughout  a  circuit,  enters  into  the  calculations  for  the 
size  of  conductors  or  mains  supplying  current  to  distant  points. 
The  resistances  of  tlie  conductors  cause  a  certain  drop  in  trans- 
mitting the  current,  depending  upon  their  size  and  length,  and  it 
is  therefore  necessary  that  the  voltage  of  machines  at  the  supply 
station  shall  be  great  enough  to  give  the  voltage  necessary  at  the 
receiving  stations  as  well  as  the  additional  voltage  lost  in  the 
conducting  mains. 

For  example,  in  Fig.  1  the  voltage  necessary  between  the 
points  e  and  h  is  144  volts,  but  to  give  this  voltage. the  source 
must  supply  in  addition  the  voltage  lost  in  parts  A  and  E^  which 
equals  96  volts. 

Example. — The  voltage  required  by  17  are  lamps  connected 
in  series  is  782  volts  and  the  current  is  ^.^  amperes.     The  resist- 


00 


22  THE  ELECTRIC  CURRENT. 

ance  of  the  connecting  wires  is  7  ohms.  What  must  be  the 
E.  M.  F.  applied  to  the  circuit  ? 

Sohition. — The  drop  in  the  connecting  wires  is  U  =  R I tzz 
7  X  6.6  =  46.2  volts.  The  E.  M.  F.  necessary  is  therefore  782 
H-  46.2  =  828.2  volts.  Ans.  828.2  volts. 

Example. — The  source  of  E.  M.  F.  supplies  114  volts  to  a 
circuit  made  up  of  incandescent  lamps  and  conducting  wires. 
The  lamps  require  a  voltage  of  110  at  their  terminals,  and  take  a 
current  of  12  amperes.  What  should  be  the  resistance  of  the 
conducting  wires  in  order  that  the  lamps  will  receive  the  necessary 
voltage  ? 

Solution. —  The  allowable  drop  in  the  conducting  wires  is 
114  — 110  =  4  volts.  The  current  to  pass  through  the  wires  is 
12  amperes.     Hence  the  resistance  must  be 

^  =  :?=-!  =  . 33  + ohms. 
J.       \Z 

Ans.  .33  +  oums. 
Divided  Circuits.     When  a  circuit  divides  into  two  or  more 
parts,  it  is  called  a  divided  circuit  and  each  part  will  transmit  a 
portion  of  the  current. 

Such  a  circuit  is  illustrated  in  Fig.  2,  the  two  branches  being 
represented  by  h  and  c.  The  current  passes  from  the  positive 
\)o\q  of  the  battery  through  a  and  then  divides  ;  part  of  the 
current  passing  through  h  and  part  through  c.  The  current  then 
unites  ar.d  pjisses  through  d  to  the  negative  jjole  of  the  battery. 
The  part  e  may  be  considered  iis  the  main  part  of  the  circuit  and 

h  as  a  by-pass  about  it.  A  branch 
which  serves  as  a  by-pass  to  an- 
other circuit  is  called  a  shunt 
circuit,  and  the  two  branches  are 
said  to  be  connected  in  parallel. 
In  considering  the  passage 


Fig.  2.  of  a  current  through  a  circuit  of 

this  sort,  it  may  be  necessary  to  determine  how  much  current 
will  pass  through  one  branch  and  how  much  through  the  other. 
Evidently  this  will  dei»end  upon  tiic  relative  resistance  of  the  two 
branches,  and  more  current  will  pass  through  the  branch  oHcring 
Uie  lesser  resistance  than  through  the  branch  having  the  higher 
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resistance.  If  the  two  parts  have  equal  resistances,  then  one  half 
of  the  total  current  will  pass  through  each  branch.  If  one  branch 
lias  twice  the  resistance  of  the  other,  then  only  one-half  as  much 
of  the  total  current  will  pass  through  that  branch  as  through  the 
other  ;  that  is,  J  of  the  total  current  will  pass  through  the  first 
branch  and  the  remaining  |  will  pass  through  the  second. 

TJi^  relative  strength  of  current  in  the  two  branches  will  he 
inversely  proportional  to  their  resistances^  or  directly  proportional 
to  their  conductances. 

Suppose  the  resistance  of  one  branch  of  a  divided  circuit  is 
r^  (see  Fig.  3),  and  that  of  the  other  is  r^.  Then  by  the  pre- 
ceding law, 

current  in  rj  :  current  in  r^i  i  r^:  r^ 
Also, 

current  in  r^  :  total  current  :  5  ''2  •  ^i  "^  '*2 
and 

current  in  r^  :  total  current  i  i  r^  i  ry^-\-  r^ 

Let  /represent  the  total  current,  i^  the  current  through  the 
resistance  r^  and  /g  the  current  through  the  resistjince  r^.  Then 
the  two  preceding  proportions  are  expressed  by  the  following 
formulas : 


2  onri      4       —  1 


t,  = ? —    and 


^1+^2  '•1+^2 

Example. — The  total  current  passing  in  a  circuit  is  24 
amperes.  The  circuit  divides  into  two  branches  having  resist- 
ances of  5  and  7  ohms  respectively.  What  is  the  current  in  each 
branch  ? 

Solution. — In  this  case  J=  24,  r^  =  5  and  r^  =  7.  Sub- 
stituting these  values  in  the  above  formulas  we  have, 

Ir^  24  X  7        - . 

%.  =  . 2_  __  =  14  amperes. 

r^+r^  5  +  7 


and  ig  = j-^^ —  =    ^    ,\y    =10  amperes. 


Ir^      __  24  X  5 

^1+^2         5  +  7 

.        (  In  5  ohm  brancli,  14  amperes. 
*  {  In  7  ohm  branch,  10  amperes. 

Joint  Resistance  of  Divided  Circuits^     As   a  divided  circuit 
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offers  two  paths  to  the  current,  it  follows  that  the  joint  resistance 
of  the  two  branches  will  be  less  than  the  resistance  of  either  branch 
alone.  The  ability  of  a  circuit  to  conduct  electricity  is  repre- 
seoted  by  its  conductance,  which  is  the  reciprocal  of  resistance ; 
and  the  conductance  of  a  divided  circuit  is  equal  to  the  sum  of 
the  conductances  of  its  parts. 

For  example,  in  Fig.  3,  the  conductance  of  the  upper  branch 

equals  —  and  that  of  the  lower  branch  equals  — .     If   R    repre- 

sents  the  joint  resistance  of  the  two  parts  then  the  joint  conduct- 
ance equals: 

1  =  j_  +  i.=  ^1  +  ^2 


R         rj         r^  r^r 


Having  thus  obtained  the  joint  conductance,  the  joint  resist- 
ance is  found  by  taking  the  reciprocal  of  the  conductance,  that  is, 

Rz= 


^1  +^1 


This  formula  may  be  stated  as  follows : 

The  joint  resistance,  of  a  divided  circuit  is  equal  to  the  product 
of  the  two  separate  resistances  divided  hy  their  sum. 


For  example,  suppose  the  resistance  of  each   brancli  to  be 
2  ohms.     The  conductance  of  the  circuit  will  be, 

-^  =  -^  +  r^  =  1,  and  hence  72   =  1  ohm. 
Also  by  the  preceding  formula, 

Tlie  resistance  of  a  divided  circuit  in  which  each  branch  has 
a  resistance  of  2  ohms  is  therefore  1  ohm. 

Example. — The  resistiinces  of  two  separate  conductors  are  3 
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and  7  ohms  respectively.     What  would  be  their  joint  resistance 
if  connected  in  parallel  ? 

Solution. — In   this  case  r^  =  3  and  r^  =  7,   hence    by  the 
formula, 

E  =  ^^l==  2.1  ohms.  Ans.  2.1  ohms. 

3  +  7 

Suppose,  as  illustrated   in   Fig.    4,    the    conductors    having 
resistances  equal  to  r^,  r.^  and  r.^  respectively,  are  connected  in 


Fig.  4. 
parallel.     Tlie  joint  total  conductance  will  then  be  equal  to, 

^^  ^'l  '-2  ^3  ^l  ^2  ^3 

and  as  the  joint  resistance  is  the  reciprocal  of  the  joint  couduct- 
aiice,  the  joint  resistance  It  of  the  three  branches  is  expressed  by 
the  formula, 

R  = 


^2  ^S  +  ^1  ^3  +  ^1 


Example. — What  is  tlje  joint  resistance  when  connected  in 
parallel,  of  three  wires  whose  respective  resistances  are  41,  52  and 
29  ohms  respectively  ? 

Solution.  —  In  this  case  r^  =41,  r^  =52  and  r^  =29, 
Hence,  by  the  preceding  formula, 

B  = 41  X  52  X  29 ^g.s  4-  ohms. 

52X29  +  41X29  +  41X52  ^ 

Ans.  [2.8  + ohms. 
In   general,   for   any   number   of   conductors   connected   in 
parallel,  the  joint  resistance  is  found  by  taking  the  reciprocal  oi 
the  sum  of  the  reciprocals  of  the  sej^arate  resistances. 

Example. — A  circuit  is  made  up  of  five  wires  connected  in 
parallel,  and  their  separate  resistances  are  respectively  12,  21,  28, 
8  and  42  ohms.     What  is  the  joint  resistance  ? 
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Solution. — The  sum  of  the  conductances  is: 

12^21  ^28  ^  8   ^42       168 
Hence  the  joint  resistance  equals : 

iJ  =  1^  =  3.1  +  ohms.  Ans.  3.1  +  ohms. 

63 

If  the  resistance  of  each  branch  is  known  and  also  the  poten- 
tial difference  between  the  points  of  union,  then  the  current  in 
each  brancli  may  be  found  by  applying  Ohm's  law  to  each  branch 
sepai-ately.  For  example,  if  this  potential  difference  were  96 
volts,  and  the  separate  resistances  of  the  4  branches  were  8,  24,  3 
and  48  ohms  respectively,  then  the  current  in  the  respective 
branches  would  be  12,  4,  32  and  2  amperes  respectively. 

If  the  current  in  each  branch  is  known  and  also  the  poten- 
tial difference  between  the  points  of  union,  then  the  resistance  of 
each  branch  may  likewise  be  found  from  Ohm's  law. 

The  following  examples  are  given  to  illustrate  the  applica- 
tion of  the  preceding  principles. 

EXAMPLES  FOR  PRACTICE. 

1.  Two  conductors  having » resistances  of  71  and  19  ohms 
respectively  are  connected  in  parallel,  and  the  total  current  pass- 
ing in  the  circuit  is  37  amperes.  What  current  passes  in  the 
conductor  whose  resistance  is  71  ohms?  Ans.  7.8  +  amperes. 

2.  What  is  the  joint  resistance  of  two  wires  connected  in 
parallel  if  tlieir  separate  I'esistances  are  2  and  8  ohms  respectively? 

Ans.  1.6  ohms. 

3.  What  is  the  joint  resistance  of  three  wires  when  con- 
nected in  parallel,  whose  separate  resistances  are  5,  7  and  9  ohms 
respectively  ?  Ans.  2.2  +  ohms. 

4.  Three  wires,  the  respective  resistances  of  which  are  8,  10 
find  20  olnns,  are  j(3ined  in  parallel.  What  is  their  joint  resist- 
»»ee?  Ans.  3.6+ ohms. 

5.  Four  wires  are  joined  in  parallel,  and  their  separate 
rcsistjinces  arc  2,  4,  0  and  9  ohms  respectively.  What  is  the 
joint  resistance  of  the  conductor  thus  formed  ? 

Ans.  .97  +  ohm. 
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Battery  Circuits.  Fior.  5  illustrates  a  simple  circuit  Jiaving 
a  single  cell  C  connected  in  series  with  a  resistance.  This  is  the 
customary  manner  of  representing  a  cell,  the  short,  heavy  line 
representing  the  zinc  and  the  long  light  line  representing  the 
copper  or  carbon  plate.  In  determining  the  amount  of  current 
which  will  flow  in  such  a  circuit,  the  total  resistance  of  the  circuit 
must  be  considered.  This  is  made  up  of  the  external  resistance 
li  and  the  internal  resistance  /',  or  the  resistance  of  the  cell  itself. 
If  J'J  represents  the  total  E.M.F.  of  the  cell,  then  the  current 
1  which  will  flow  is  expressed  by  the  formula, 

It  has  been  shown  that  whenever  a  current  passes  tlwough 
any  resistance,  there  is  always  a  certain  droj}  or  fall  of  potential. 
The  total  E.^F.F.  above  referred  to,  expresses  the  total  poten- 
tial difference  between  the  plates  of  the  cell  and  is  the  E.M.F. 
of  the  cell  on  o^ycn  circuit.  When 
the  current  flows,  however,  there 
is  a  fall  of  potential  or  loss  of 
voltage  within  the  cell  itself, 
and  hence  the  E.M.F.  of  the 
cell  on  closed  circuit  is  less  than 
on  open  circuit.     That  is,  if  the  pj^r.  5. 

voltage  be  measured  when  the 

cell  is  supplying  current,  it  will  be  found  to  be  less  than  when 
the  voltage  is  measured  on  open  circuit,  or  when  the  cell  is  sup- 
plying no  current.  The  voltage  on  closed  circuit  is  that  available 
for  the  external  circuit,  and  is  therefore  called  the  external  or 
avaiJahle  voltage  or  E.M.F. 

The  external  E.M.F.  depends  of  course  upon  the  strength 
of  current  the,  cell  is  supplying,  and  may  be  calculated  as 
follows : 

If  the  current  passing  is  /  and  the  resistance  of  the  cell  Is 
?',  then  from  Ohm's  law  the  voltage  lost  in  the  cell  equals  r  I.  If 
E  represents  the  total  E.M.F.  of  the  cell  and  E ^  the  external 
E.M.F\,  then, 

E,  =  E  —  rI 
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The  E.  M.  F.  of  a  cell  is  understood  to  be  the  total  E.  M.  F. 
unless  otherwise  stated. 

When  two  or  more  cells  are  interconnected  they  are  said  to 
form  a  hattery. 

Fig.  0  illustrates  three  cells  connected  in  series  with  each 
other  and  with  the  external  circuit.  That  is,  the  positive  terminal 
of  one  cell  is  connected  to  the  negative  of  the  next,  and  the  posi- 
tive of  that  cell  to  the  negative  of  the  adjacent,  etc.  By  this 
method  of  connecting,  the  E.  M.  F.  of  each  cell  is  added  to  that 
of  the  others,  so  that  the  total  E.  M.  F.  of  the  circuit  is  three 
times  that  of  a  single  cell.  If  one  of  the  cells  were  connected  so 
that  its  E.  M.  F.  opposed  that  of 
the  other  two,  it  would  offset 
the  E.  M.  F.  of  one  of  the  cells 
and  the  resultant.  E.  M.  F.  would 
he  that  of  a  single  cell.  The  con- 
necting of  cells  in  series  as  in 
Fig.  0  not  only  increases  the  E.  M.  F.  of  the  circuit  but  also 
increases  the  internal  resistance,  the  resistance  of  each  cell  being 
added  to  that  of  tlie  others.  If  E  equals  the  E.  M.  F.  of  each 
cell,  /•  the  internal  resistance  of  each  and  R  the  external  resist- 
ance, then  the  current  that  will  flow  is  expressed  by  the  formula, 

or  for  n  cells  connected  in  series  the  formula  for  current  is, 

71  E 


Fig.  6. 


R  ^  nr 
Fig.  7  illustrates  two  cells  connected  in  parallel,  and  sup- 
plying  current    to  an  ex- 
I  ternal   circuit.      Here    the 

two  positive  terminals  are 
connected  with  each  other 
and  also  the  two  negative. 
The  E.  M.  F.  supplied  to 
the  circuit  is  equal  to  that 
of  a  single  cell  only.  In 
fact  connecting  cells  in  paralld,  is  equivalent  to  enlarging    the 


FiK.  7. 
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plates,  and  the  only  effect  is  to  decrease  the  internal  resistance 
It  is  evident  that  coupling  two  cells  in  parallel  affords  two 
paths  for  the  current  and  bo  decreases  the  resistance  of  the  two 
cells  to  one-half  that  of  a  single  cell.  The  formula  express- 
ing the  current  tkat  would  flow  in  the  external  circuit  with  two 
cells  in  parallel  is  therefore, 

E 


/  = 


i?  + 


2 


or  for  n  cells  connected  in  parallel,  the  formula  for  current  is, 

E 


1  = 


HHHK 
HHH  ■ 
HhH 


Fig.  8. 


Fig.  8  represents  a  combination  of  the  series  and  parallel 
method. of  connecting  and  represents  four  files  of  cells  joined  in 
parallel  and  each  file  having  four  cells  connected  in  series.  The 
K.  M.  F.  of  each  file  and  consequently  of  the  circuit  is  4  E.     The 

resistance  of  each  file  is  4  ?'  and  that  of  all  the  files  -— — .     Hence, 

4 


the  formula  for  current  is, 


/ 


4.E 


R 


4y 
T 


if  there  were  n  files  connected  in  parallel  and  m  cells  were 
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connected  in  series  in  each  file,  the  formula  expressing  the  current 
in  tl»e  external  circuit  would  be. 

J  __      m  E 

n 

where  E  is  the  E.  M.  F.  of  each  cell,  Vt  the  external  resistance, 
and  r  the  internal  resistance  of  each  cell. 

Tlie  most  advantageous  method  of  connecting  cells  depends 
upon  the  results  desired,  the  resistance  of  the  cell  and  the  external 
resistance.  Suppose  it  is  desired  to  pass  a  current  through  an 
external  resistance  of  2  ohms,  and  that  Daniell's  cells  are  to  be 
used  each  having  an  E.  M.  F.  of  1  volt  and  an  internal  resistance 
of  3  ohms. 

With  one  cell  only  in  circuit,  the  current  will  he, 

—  —  .2  ampere, 


i2  +  r        2  +  3 
and  with  5  cells  all  in  series  the  current  will  be, 

Therefore  with  5  cells  in  series  the  current  is  only  .1  ampere 
greater  than  with  a  single  cell,  and  with  100  cells  in  series  the 
current  is  only, 

100  E              100  QQ 
= =  .33  ampere. 

/<;  +  100  r       2  +  300  ^ 

Hence  with  a  comparatively  low  external  resistance,  there  is  but 
little  gain  in  current  strength  by  the  addition  of  cells  in  series. 
This  is  due  to  the  fact  that,  although  the  E.  M.  F.  is  increased 
1  volt  by  each  cell,  the  resistance  is  increased  by  3  ohms. 

Now  8upix)se  5.  Daniell  cells  to  be  connected  in  parallel  with 
the  external  circuit  of  2  ohms.  The  E.  M.  F.  of  the  circuit  will 
then  be  that  of  a  single  cell  and  the  current  will  be, 

i<  1  .  ^  1    X 

= =:  .4  ampere  (nearly), 
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and  Avith  100  cells  connected  in  parallel  the  current  will  be, 
E  1 


^  100  ^  100 


=  .5  ampere  (nearly). 


A  larger  current  is  therefore  obtained  in  this  case  by  connect' 
ing  the  cells  in  parallel  than  by  connecting  them  in  series. 

With  a  large  external  resistance  on  the  other  hand,  a  larger 
current  is  obtained  by  connecting  the  cells  in  series.  For  example, 
suppose  the  external  resistance  to  be  500  ohms.  One  cell  will 
then  give  a  current  of  .00198  -|-  ampere,  and  5  cells  in  series  will 
give  about  .0097  ampere,  whereas  100  cells  will  give  .125  ampere. 
With  5  cells  connected  in  parallel  the  current  will  be  .00199  -|- 
ampere,  and  with  100  cells  the  current  will  amount  to  approxi- 
mately .002  ampere.  With  an  external  resistance  of  500  ohms, 
there  is  practically  no  advantage  in  connecting  the  cells  in  parallel. 
The  oidy  effect  of  the  latter  method  is  to  decrease  the  internal 
resistance  which  is  almost  negligible  in  comparison  with  the 
external  resistance. 

It  may  be  shown  mathematically  that  for  a  given  external 
resistance  and  a  given  number  of  cells,  the  largest  current  is 
obtained  when  the  internal  resistance  is  equal  to  the  external 
resistance.     In  order  to  obtain  this  result  the  values  of  m  and  n 

in  the  formula  on  page  30,  should  be  so  chosen  that equals 

n 

M,  This  arrangement,  although  giving  the  largest  current 
strength,  is  not  the  most  economical.  With  the  internal  resist- 
ance equal  to  the  external  resistance  there  is  just  as  much  energy 
used  up  in  the  battery  itself  as  is  expended  usefully  in  the  external 
circuit. 

In  order  to  obtain  the    most   economical  arrangement,  the 
internal  resistance  should  be  made  as  small  as  possible,  that  is, 
all  the  cells  should  be  connected  in  parallel.     The  loss  of  power 
in  the  battery  is  then  the  smallest  amount  possible. 

In  order  to  obtain  the  quickest  action  of  the  current  the  cells 
should  be  connected  in  series.  When  the  external  circuit  possesses 
considerable  self-induction,  as  is  the  case  when  electromagnets  are 
connected   in   the  circuit,   the  action  of   the   current   is  retarded. 
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This    retardation   may  l)e  decreased  by  having  a  liigh  interna' 

resistiince,  which  is  obtained  by  connecting  the  cells  in  series. 

Example. — Sixteen  cells,  each  having  an  internal  resistance  of 

.1  ohm  are  to  be  connected  with  a  circuit  whose  resistance  is  .4 

ohm.     How  should  the  cells  be  connected  to  obtain  the  greatest 

current  ? 

Solution. — Here  the  external  resistance  72,  equals  .4  olnn  and 

the   resistance    r   of   each    cell   equals    .1    ohm..     For   maximuu) 

cui-rent, 

mr        T>          .1^        A 
=  K^   or   =  .4 

n  n 

Therefore,  m  =  4  w 

and  as  m  n  =  16,  the  only  values  of  m  and  n  which  will  l^e  true 
for  both  of  these  equations  are  m  =  S  and  n  =  2.  Hence  there 
must  be  2  files  of  cells,  with  8  cells  in  series  in  each  file. 

Ans.  2  files,  8  cells  in  each. 

Exami)le. — Tlie  external  resistance  in  a  circuit  is  4  ohms. 
The  cells  used  each  have  an  E.  M.  F.  of  1.2  volts  and  an  internal 
resistance  of  3.8  ohms.  If  20  cells  were  used,  which  method  of 
connecting  would  supply  the  larger  current,  —  5  files  with  4  cells 
in  series,  or  4  files  with  5  cells  in  series  ? 

1st  Solution. — Applying  the  formula  on  page  30,  we  have 
li  =  4y  U  =  1.2,  r  =  3.8  and  with  5  files  and  4  in  series,  m  =  4 
and  71  =  5.     Hence,  the  current  is, 

-mU  4X1.2 


21  +  "^       4_^4_X3^ 


.681  +  ampere. 


With  4  iiles  and  5  cells  in  series,  m  =  5  and  w  =  4.     Hence 
the  current  is, 

5X1.2 


4^6  X  3.8 


=  .685  +  ampere. 


4 


Tlic  larger  cnrrent  is  therefore  supplied  by  having  4  files 

with  5  cells  in  series.  Ans.  4  files,  with  5  cells  in  series. 

2nd  Solution. — The  maximum  current  is  supplied  when  the 
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internal  resistance  equals  the  external  resistance  or  when 

m  r 


n 
With  5  files  and  4  cells  in  series, 

V 

mr        4x3.8 


n  5 

and  witli  4  files  and  5  cells  in  series, 


=  3.04  ohms. 


^r  _  5X3.8  _  4^^^  ^^^^^^ 


n 


The  latter  value  is  nearer  to  4  ohms,  which  is  the  external  resist- 
ance, than  is  3.04,  hence  the  larger  current  will  be  supplied  with 
4  files  and  5  cells  in  series.  Ans.  4  files,  with  5  cells  in  series. 

Example. — It  is  desired  to  pass  a  current  of  .025  ampere 
through  an  external  resistance  of  921  ohms.  The  cells  are  to  be 
connected  in  series  and  each  has  an  E.  M.  F.  of  .8  volt  and  an 
internal  resistance  of  1.3  ohms.  What  numl>er  of  cells  must  be 
used  ? 

Solution. — From  page  28,  the  general  formula  for  cells  in 
sei'ies  is, 

nE 

T^ 

and  in  this  case  1=  .025,  11=  .8,  /^=  921  and  r  =  1.3.  Substi- 
tuting these  values  gives, 

.025  = ^-^ 

921 +n  1.3 

Multiplying  by  921  -\-  1.3  n  gives 

23.025  +  M2^7i  =  .Sn 
Transposing  .0325  n  gives 

.S'/i— .0325/i  m  23.025 
or  .7675  n  =  23.025 

hence,  n  =  SO 

Ans.  30  cells. 

EXAHPLES  FOR  PRACTICE, 

t.     Ten  cells  in  seiies  have  an  E.  M.  F.  of  1  volt  each  and 


111 


84  THE  ELKCTltIC  CURUENT. 


an  internal  resistimce  of  .2  ohm.     The  external  resistance  is  S 
ohms.     What  is  the  current  ?  Ans.  2  amperes. 

2.  Six  cells,  each  of  which  has  an  E.  M.  F.  of  1.2  volts  and 
a  resistance  of  2  ohms,  are  connected  in  parallel.  With  an  external 
resistance  of  10  ohms,  what  is  the  current?    Ans.  .116  -|-  ampere. 

3.  What  is  tne  current  supplied  by  the  same  cells  if  joined 
in  series  and  the  external  resistance  is  20  ohms  ? 

Ans.  .225  amper3. 

4.  A  single  cell  whose  E.  M.  F.  on  open  circuit  is  1.41  volts 
and  whose  internal  resistance  is  .5  ohm  is  supplying  a  current  of 
.8  am[)ere.     What  is  the  available  E.  M.  F.  of  the  cell  ? 

Ans.  1.26  volts. 
6.     What  would  be  the  available  E.   M.  F.  with  8  of  the 
cells  referred  to  in  example  4,  when  connected  in  series  and  sup- 
plying the  same  current?  Ans.  10.08  volts. 

6.  Eight  Daniell  cells  (E.  M.  F.  =  1.05,  resistance  =  2.5 
olims  each)  are  joined  in  series.  Three  wires  A,  B  and  (7  of  9, 
86  and  72  ohms  resistfince  respectively  are  arranged  to  be  connected 
to  the  poles  of  the  battery.  Find  the  current  when  each  wire  is  in- 
serted separately,  and  when  all  three  wires  are  connected  in  parallel, 

Ans.  Through  A^  .29  ampere  nearly ;  through  i?,  .15  ampere? 
through  C\  .091 -|- aittpere ;  and  through  all  three,  .31 -]- ampere. 

7.  A  battery  of  28  Bunsen  cells  (E.  M.  F.  =:  1.8,  resistance 
=  .1  ohm  each)  are  to  supply  current  to  a  circuit  having  an 
external  resistance  of  30  ohms.  Find  the  current  (a)  when  all 
the  cells  are  joined  in  series,  (6)  when  all  the  cells  are  in  parallel^ 
(c)  when  there  are  2  files  each  having  14  cells  in  series,  (c?)  when 
tlierc  are  7  files  each  having  4  cells  in  series. 

Ans.  (a)  1.53 +  ;  (i)  .06  nearly;  (c?)  .82  +  ;  (d^  .23  + 
ampere. 

QUANTITY,  ENERGY  AND  POWER. 

Quantity.  The  strength  of  a  current  is  determined  by  the 
amount  of  electricity  which  passes  any  cross  section  of  the  conduc- 
tor in  a  second;  that  is,  current  strength  expresses  the  rate  at 
which  electricity  is  conducted.  The  quantity  of  electricity  con- 
veyed evidently  depends  upon  the  cuiTent  strength  and  the  time 
the  current  continues. 
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The  Coulomb.  The  coulomb  is  the  unit  of  quantity  and  is 
equal  to  the  amount  of  electricity  which  passes  any  cross-section 
of  the  conductor  in  one  second  when  the  •  current  strength  is  one 
ampere.  If  a  current  of  one  ampere  flows  for  two  seconds,  the 
quantity  of  electricity  delivered  is  two  coulombs,  and  if  two 
amperes  flow  for  one  second  the  quantity  is  also  two  coulombs. 
With  a  current  of  four  amperes  flowing  for  three  seconds,  the 
quantity  delivered  is  12  coulombs.  The  quantity  of  electricity  in 
coulombs  is  therefore  equal  to  the  current  strength  in  amperes 
multiplied  by  the  time  in  seconds,  or 

Q=lXt 

where  Q  L  the  quantity  in  coulombs,  /  the  cuiTent  in  amperes  and 
t  the  time  in  seconds. 

The  coulomb  is  also  called  the  ampere-second.  The  quantity 
of  electricity  delivered  in  one  hour  when  the  current  is  one 
ampere  is  called  one  ampere-hour.  The  ampere-hour  is  equal  to 
3,600  coulombs,  as  it  is  equal  to  one  ampere  for  3,600  seconds. 

From  the  formula  Q  =  It^  it  follows  that 

t  I 

Example. — A  current  of  18  amperes  flows  through  a  circuit 
for  2^  hours.     What  quantity  of  electricity  is  delivered  ? 

Solution. — Reducing  2|  houi-s  to  seconds  gives  8,100  seconds, 
and  8,100  X  18  =  145,800.  Ans.  145,800  coulombs. 

Example. — What  is  the  strength  of  current  when  IJ  ampere- 
hours  pass  in  a  circuit  in  89  seconds? 

Solution.  —  One  and  one-half  ampere-houi-s  equal  5,400 
coulombs  and  as  current  strength  is  expressed  by  quantity  divided 
by  time,  the  current  is  5,400  -^  89  =  60.  +  amperes. 

Ans.  60.  -{-  amperes. 

EXAMPLES  FOR  PRACTICE. 

1.  How  many  coulombs  are  delivered  in  9  minutes,  when 
the  current  is  17|  amperes?  Ans.  9,450  coulombs. 

2.  What  IS  the  cuirent  when  480  coulombs  are  delivered 
per  minute  ?  Ans.  8  amperes. 
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3.  Ill  what  time  will  72,000  coulombs  be  delivered  when  the 
current  is  80  amperes  ?  Ans.  ]  5  minutes. 

4.  How  many  arapere-houi-s  pass  in  a  circuit  in  2|  hours 
when  the  current  is  22  amperes?  Ans.   60.5  ampere-hours. 

Energy.  Whenever  a  current  flows,  a  certain  amount  of 
energv  is  expended,  and  this  may  be  transformed  into  heat,  or 
meclianical  work,  or  may  produce  chemical  changes.  The  unit  of 
mechanical  energy  is  the  amount  of  work  performed  in  raising  ;i 
mass  of  one  pound  through  a  distance  of  one  foot,  and  is  called 
the  foot-pound.  The  work  done  in  raising  any  mass  through  any 
height,  is  found  by  multiplying  the  number  of  pounds  in  that  mass 
by  the  number  of  feet  through  which  it  is  lifted.  Electrical  work 
may  be  determined  in  a  corresponding  nnanner  by  the  amount  of 
electricity  transferred  through  a  difference  of  potential. 

The  Joule.  The  joule  is  the  unit  of  electrical  energy,  and  is 
the  work  performed  in  transferring  one  coulomb  through  a  differ- 
ence of  potential  of  one  volt.  That  is,  the  unit  of  electrical  energy 
is  equal  to  the  work  performed  in  transferring  a  unit  quantity  of 
electricity  through  a  unit  difference  of  potential.  It  is  evident 
that  if  2  coulombs  pass  in  a  circuit  and  the  difference  of  potential 
is  one  volt,  the  energy  expended  is  2  joules.  Likewise  if  1  cou- 
lomb passes  and  the  potential  difference  is  2  volts,  then  the  energy 
ex{)ended  is  also  2  joules.  Therefore,  to  find  the  number  of  joules 
expended  in  a  circuit,  multiply  the  quantity  of  electricity  by  the 
potential  difference  through  which  it  is  transferred.  This  is 
expressed  by  the  formula, 

where  IF  is  the  work  in  joules,  Q  the  quantity  in  coulombs,  F  t\iG 
I)otential  difference  in  volts,  /the  current  in  amperes  and  t  the 
time  in  seconds. 

By  Ohm's  law  E=R  I  and  by  substituting  this  value  of  E 
in  the  equation  for  energy,  we  obtain  the  formula, 

which  may  be  used  when  the  current,  resistance,  and  time  are 
known,  R  being  the  resistance  in  ohms. 

Exami)le.— With  a  potential  difference  of  07  volts  and  a  cur- 
rent of  14  amperes,  what  energy  is  expended  in  20  minutes? 

Solution. — Work  is  expressed  by  the  product  of  the  quantity 
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and  potential  difference.     The  time  in  seconds  equals  20  X  60  = 
1200,  and  the  work  Tf  =  14  X  1200  X  97  =  1,629,600  joules. 

Ans.  1,629,600  joules. 

Example. — The  resistance  of  a  circuit  is  .9  ohm,  and  the 
current  is  25  amperes.     What  energy  is  expended  in  half  an  hour? 

Solution. —  Substituting  these  values  of  resistance,  current 
and  time  m  the  formula  W=  I'^  R  t,  we  have,  W—'lb'^  X  -9  X 
30  X  ()0  =  1,012,500  joules.  Ans.  1,012,500  joules. 

Power.  Power  is  the  rate  of  doing  work,  and  expresses  the 
amount  of  work  done  in  a  certiiin  time.  The  horse-power  is  the 
unit  of  mechanical  energy,  and  is  equal  to  33,000  foot-pounds  [)er 
minute  or  550  foot-pounds  per  second.  A  certain  amount  of  work 
may  be  done  in  one  hour  or  two  hours,  and  in  stating  the  work 
done  to  be  so  many  foot-pounds  or  so  many  joules,  the  rate  at 
which  the  work  is  done  is  not  expressed.  Power  on  the  other 
hand,  includes  the  rate  of  working. 

It  is  evident  that  if  it  is  known  tluit  a  certain  amount  of  work 
is  done  in  a  certain  time,  the  rate  at  which  the  work  is  done,  or 
the  power,  may  be  obtained  by  dividing  the  work  by  the  time, 
giving  the  work  done  per  unit  of  time. 

The  Watt.  The  electrical  unit  of  power  is  the  watt,  and  is 
eipial  to  one  joule  per  second,  that  is,  when  one  joule  of  work  is 
expended  in  one  second,  the  power  is  one  watt.  If  the  number  of 
joules  expended  in  a  certain  time  is  known,  then  the  power  in 
watts  is  obtiiined  by  dividing  the  number  of  joules  by  the  time  in 
seconds.  The  formulas  for  the  work  done  in  joules  as  given 
on  the  preceding  pages  are, 

irrn/i?^,  and    Trr=/2   Jg  /. 

By  dividing  each  of  these  by  the  time  ^,  we  obtain  the  cor- 
responding formulas  for  power  as  follows: 

P=^I  U,  and  P  —  /2  Ji^  where  P  is  the  power  in  watts,  1 
the  current  in  amperes,  U  the  potential  difference  in  volts,  and  R 
the  resistance  in  ohms. 

The  power  is  obtained  therefore,  by  multiplying  the  current 
by  the  voltage,  or  by  multiplying  the  square  of  the  current  by  the 
resistance. 

The  watt  is  sometimes  called  the  volt-ampere. 

For  large  units  the  kilowatt  is  used,  and  this  is  equal  to  1,000 
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watts.  The  common  abbreviation  for  kilowatt  is  K.  W.  The 
kilotvatt-hour  is  a  unit  of  energy,  and  is  the  energy  expended  in 
one  hour  when  tlie  power  is  one  kilowatt. 

EXAHPLES   FOR   PRACTICE. 

1.  A  current  of  40  amperes  is  supplied  to  a  circuit  and  the 
voltage  is  110.     What  is  the  power  in  watts?     Ans.  4400  watts. 

2.  What  is  the  power  in  kilowatts  supplied  to  a  number  of 
incandescent  lamps  when  the  current  is  84  amperes  and  tlie  volt- 
age of  the  circuit  97  ?  Ans.  8.1 -f  kilowatts. 

3.  A  circuit  has  a  resistance  of  50  ohms  and  the  current  is 
12  amperes.     What  power  is  expended  in  the  circuit? 

Ans.  7.2  K.  W. 

4.  The  voltage  of  an  incandescent  lamp  circuit  is  220  volts, 
and  the  resistance  2  ohms.  What  power  is  expended  in  the  cir- 
cuit? Ans.  24.2  K.  W. 

Note.  —  First  find  current  by  Ohm's  law. 

Equivalence  of  Electrical  Energy  in  Heat  Units.  When- 
ever there  is  any  resistance  to  the  flow  of  a  current  there  is  always 
a  certain  amount  of  electrical  energy  transformed  into  heat.  Tlie 
ciu'rent  in  passing  through  such  resistance  expends  a  certain 
amount  of  energy  in  overcoming  the  resistance,  and  this  energy  is 
dissipated  as  heat.  The  entire  electrical  energy  of  a  circuit  may 
be  transformed  into  heat,  as  in  a  lamp  circuit,  or  only  part  of  the 
energy  may  appear  as  heat,  the  remainder  being  transformed  into 
mecljanical  or  chemical  work.  The  energy  which  appears  as  heat 
raises  the  temperature  of  the  circuit  to  an  amount  depending  upon 
its  radiating  surface,  and  the  temperature  of  tlie  surrounding 
medium. 

When  the  resfstance  of  a  circuit  and  the  current  are  known, 
the  electrical  energy  expended  may  be  calculated  by  finding  the 
product  of  the  square  of  the  current,  the  resistance,  and  the  time, 
as  by  the  formula  at  the  foot  of  page  36.  All  this  energy  is 
transformed  into  heat.  Other  work  may  be  done  by  the  current, 
as  would  iKi  the  case  if  an  electric  motor  were  connected  to  the 
cii-cuit,  but  tills  requires  additional  energy  to  that  which  is  dissi- 
pali'«l  JUS  heat.  'J'hc  formula  referred  to  gives  only  the  energy  lost 
as  lieat,  whi'.'h  is  the  total  energy  when  no  other  work  is  done. 
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Tliis  formula,  which  gives  tlie  energy  in  joules,  is  in  accordance 
with  Joule's  law,  which  is  as  follows  : 

The  number  of  heat  units  developed  in  a  conductor  is  propor^ 
tional  to  its  resistance^  to  the  square  of  the  current,  and  to  the  time 
the  current  lasts. 

As  we  have  seen,  the  unit  of  electrical  energy  is  the  joule. 
The  common  unit  of  heat  is  the  calorie,  which  is  the  amount  oi 
heat  necessary  to  raise  the  temperature  of  1  gram  of  water  through 
1  degree  Centigrade.  By  careful  investigations  it  has  been  found 
that  the  joule  is  equivalent  to  .24  of  a  calorie  ;  that  is,  one  joule 
of  electrical  energy  when  transformed  into  heat  is  equal  to  .24 
calorie.  Electrical  energy  may  therefore  be  expressed  in  heat 
units  by  multiplying  the  number  of  joules  by  .24  ;  that  is, 

U=I^  X  Ji  X  tx\24: 
where  U  is  the  heat  in  calories. 

As  one  joule  is  equivalent  to  .24  calorie,  it  follows  that  one 
calorie  is  equivalent  to  4.2  joules  appioximately. 

EXAilPLES    FOR    PRACTICE. 

1.  How  many  calories  will  be  developed  by  a  current  of  30 
amperes  flowing  through  a  resistance  of  12  ohms  for  10  seconds? 

Ans.  25,920  calories. 

2.  What  amount  of  heat  will  a  current  of  20  amperes 
develop  if  it  flows  through  a  resistance  of  80  ohms  for  2  seconds  ? 

Ans.  15,860  calories. 

Equivalent  of  Electrical  Energy  in  riechanical  Units.  The 
common  unit  of  mechanical  energy  is  the  foot-pound,  and  from 
experiment  it  has  been  found  that  one  joule  is  equivalent  to 
.7373  foot-pound;  that  is,  the  same  amount  of  heat  will  be 
developed  by  one  joule  as  by  .7373  foot-pound  of  work. 

As  one  horse-power  is  equal  to  550  foot-pounds  per  second,  it 
follows  that  this  fkte  of  working  is  equivalent  to 

550 
'    .  =746  joules  per  second  (approx.). 
•737o 

Hence  one  horse-power  is  equivalent  to  746  watts.  There- 
fore to  iind  the  equivalent  of  mechanical  power  in  electrical 
power  multiply  the  horse -power  by  746,  and  to  find  the  equiva- 
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lent  of  electrical  power  in  nieclianical  power  divide  tlie  iminber  of 
watts  by  746. 

EXAHPLES   FOR   PRACTICE. 

1.  A  power  of  287  watts  is  equivalent  to  how  many  horse- 
power? Ans.  .38+  H.  P. 

2.  The  voltage  applied  to  a  circuit  is  500  and  the  current  is 
190  am|)eres.     What  is  the  equivalent  horse-power  of  the  circuit? 

Ans.  131  +  H.  P. 

3.  VVliat  is  the  equivalent  of  43  H.  P.  in  kilowatts? 

Ans.  32  +  K.  W. 

4.  How  many  horse-power  approximately  are  equivalent  to 
one  kilowatt?  Ans.  H  H.  P. 

THE  SUPPLY  OF  ELECTRICAL  ENERGY. 

Electrical  energy  is  now  made  use  of  on  such  a  large  scale 
for  ligliting,  power,  heating,  etc.,  that  it  is  generated  or  pro- 
duced by  machines  of  great  capacity.  The  dynamo  is  used  for 
tliis  i)urpose  and  machines  having  a  capacity  of  several  thousand 
kilowatts  are  now  common. 

Central  Stations.  Large  central  stations  or  power  houses 
are  built  at  convenient  places  and  here  are  collected  the  generat- 
ing, controlling  and  measuring  apparatus.  Usually  steam  engines 
or  turl)ines  are  used  to  drive  the  dynamos,  and  from  the  latter, 
lai-ge  copper  mains  conduct  the  current  to  the  switchboard  located 
within  the  station.  Here  are  assembled  Jill  the  regulating  devices, 
instruments,  and  switches  for  the  control  of  the  system.  From 
tlie  switc]d)oard  conducting  mains  run  out  to  various  distant 
points,  where  the  energy  is  to  be  used,  to  the  receiving  apparatus, 
such  as  electric  motors,  lamps,  heating  devices,  etc.  A  complete 
system  is  therefore  made  up  of  three  sub-divisions  —  the  generat- 
ing plant,  the  conducting  mains,  and  the  receiving  apparatus. 

Isolated  Plants.  Besides  large  central  stations  which  occupy 
one  or  more  entire  buildings  and  which  are  usually  built  and 
designed  esj^ecially  for  such  purpose,  there  are  the  comparatively 
small  an  J  simple  plants  called  isolated  power  plants.  They  are 
purely  local  systems  and  supply  energy  to  a  single  building,  or  to 
buildings  in  tlie  immediate  vicinity.  The  generating  apparatus 
in  tliis  c;use  is  usually  located  in  the  basement  of  tlie  building. 
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Lmij^o   liotels  and  oITico  buildings    are    frequently  provided  with 
individual  generating  plants. 

Losses  in  Energy.  In  operating  an  electrical  machine  there 
is  always  some  loss  in  energy,  that  is,  the  machine  does  not  give 
out  an  amount  of  energy  equivalent  to  the  amount  it  receives. 
Besides  ordinary  mechanical  losses  there  is  in  addition  the  electri- 
cal loss,  which  always  occurs  when  a  current  flows  through  any 
resistance.  This  loss  as  *previously  explained,  is  equal  to  the 
sijuare  of  the  current  multiplied  by  the  resistance. 

The  ratio  of  the  amount  of  energy  which  a  machine  gives 
out,  to  the  amount  which  it  receives  is  called  the  commercial 
efficiency  of  the  macliine.  For  example,  if  the  commercial  effi- 
ciency of  a  dynamo  is  stated  to  be  80%,  then  20%  of  the  energy 
given  to  the  dynamo  is  lost,  partly  in  overcoming  friction  and 
partly  in  electrical  losses. 

Where  electricity  is  transmitted  some  distiince  by  means  of 
conducting  mains,  there  takes  place  a  loss  in  the  line  due  to  lieat- 
ing,  wliicli  is  frequently  Jis  much  as  10%.  Also  at  the  receivijig 
station,  if  the  electrical  energy  is  converted  into  mechanical  by 
means  of  an  electric  motor,  tliere  will  be  a  further  loss. 

Illustrative  Example.  For  example,  suppose  it  is  desired  to 
ascertain  the  losses  in  a  system  which  comprises  a  generator, 
conducting  mains  and  an  electric  motor.  Suppose  the  eflicienc}; 
of  the  generator  is  02%  and  tliat  1000  hoi-se-power  are  imparted 
to  it  by  the  driving  engine.  The  output  of  the  dynamo  will  be 
.92  X  1000,  or  920  horse-power,  and  tliis  is  equivalent  to 
920  X  746,  or  680,320  watts.  The  energy  lost  in  the  dynamo 
will  be  80  X  746,  or  59,680  watts.  We  will  assume  the  voltage 
of  the  dynamo  and  the  circuit  to  be  1000,  and  as  the  power  in 
watts  is  equal  to  the  product  of  the  voltage  and  current,  the  cur- 
rent must  be  686,320  -^  1000,  or  686  amperes  approximately. 

Now  suppose  the  resistance  of  the  conducting  mains  is  equal 
to  .11  ohms.  Knowing  the  current  in  the  mains  and  the  resis- 
tance, the  loss  therein  is  obtained  by  applying  the  formula  i^  M 
giving  68G 2  X  .11,  or  51,765  watts.  The  energy  available  at  the 
leceiving  end  of  the  line  will  therefore  be  686,320  —  51,765,  or 
634,555  watts. 

The  remaining  loss  to  be  considered  is  that  in  the  electric 
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motor.  Assuming  the  etiiciency  of  the  motor  to  be  90%,  the 
]>ower  lost  therein  will  be  .10  X  ()3-l:,555,  or  ()3,4:55  watts.  The 
output  of  the  motor  is  therefore  equivalent  to  684,555  —  68,455, 
or  571,100  watts.  This  in  mechanical  units  is  equal  to  571,100  -h 
746,  or  765  horse-power  approximately. 

Hence  from  an  input  of  1,000  horse-power  at  the  generating 
station,  the  work  the  motor  is  capable  of  performing  at  the  receiv- 
ing station  is  765  horse-power.  The  efficiency  of  the  entire 
system  under  the  assumed  conditions  is  therefore  765  ^-  1,000,  or 
76.5%. 

Among  the  great  variety  of  generating  machines,  systems  of 
distribution  and  auxiliary  devices,  each  has  its  particular  advan- 
tage for  special  conditions,  and  the  selection  of  the  type  of  ma- 
chine and  system  of  distribution  depends  almost  entirely  upon  the 
special  circumstances.  For  example,  a  low  voltage  system  is  best 
adapted  for  isolated  plants,  whereas  for  the  transmission  of  power 
long  distances  very  high  voltages  are  used.  The  various  types  of 
machines,  systems,  etc.,  with  their  special  advantages  and  disad- 
vantages, will  be  fully  considered  in  the  following  Instruction 
Pajxjrs. 
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STANDARD    SYMBOLS    FOR    WIRING    PLANS 

AS  AlitllTl  l>  ANU  Kt:i<>>IMr.M>i:i>  HV 

IBJ  WTJOMl  nrrTWril  CBNTRXCTOHS  *SS»CI\TI0\  of  the  UMIFED  states  and  THE  AMERICAN  INSTITITE  OF  ARCHITECFS. 


'r  ul  TIae  Amorlrit 


uf  Arclill««ta,  WftAhlagton,  l>.  C. 


!Si       Cftlic;  Outlet,  Electric  or.l*    Ncmrral  in  center  indicates  nnmbcr  of  Standard  16  C.  P.  Incandescent  lAmpi 
^f    Criliag  Octkt ,  fncbination.    ;  indicates  4-16  C.  P  Standard  Incandescent  Lamps  and  2  Gas  Burners.    U  gas  only  JM 

f|-^      Bracket  Outlet;  Electric  only.    Nnmeial  in  center  indicates  number  of  Standard  16  C.  P.  Incandescent  Lamps, 
ff^^   Pracket  Outlet,  Combination.    *.  indicates  4-16  C.  P  Standard  Incandescent  Lamps  and  2  Gas  Burners.    If  gas  only 
||-^        Wall  or  Baseboard  RecepUde  Outlet.     Numeral  in  center  indicates  number  of  Standard  16  C.  P  Incandescent  Lamp*. 
W       ri'/cr  Outlet.    Numeral  in  center  indicates  number  of  Standard  16  C.  P  Incandescent  Lamps. 

Ourlet  for  Outdoor  Standard  or  Pedestal ,  Electric  only     Numeral  indicates  number  of  Stand.  16  C.  P  Lamps. 
Outlet  for  Outdoor  Standard  or  Pedestal,  Combination.    |  indicates  6-16  C.  P  Stand.  Incan.  Lamps;  6  Gas  Bomers. 
Erop  Cord  Outlet 
®       One  Light  Outlet,  for  Lamp  Beceptacle. 
3       Art  Lamp  Outlet 

(Z)      Special  Outlet,  for  Lighting,  Heating  and  Power  Current,  as  described  in  Specifications. 
C:Cy^  Ceiling  Fan  Outlet. 

I  Show  as  many  Symbols  as  there  are.  Switches.    Or  in  case  of  a  very  large  group 
of  Switches,  indicate  number  of  Switches  by  a  Soman  nu  meral,   thus :   S*  ZH. 
meaning  12  Single  Pol:  Switches. 
Describe  Type  of  Switch  in  Specifications,  that  is, 


0» 

m 


S' 

s» 

B 


Flush  or  Surface,  Push  Button  or  Snap, 


S.  P  Switch  Outlet 

D.  P  SwiUh  Outlet. 

3-Way  Switch  Outlet. 

4- Way  Switch  Outlet. 

Automatic  Door  Switch  Outlet. 

Electrolier  Switch  Outlet. 

Meter  Outlet 

Distribution  FaneL 

Junction  or  PsU  Box. 

Motor  Outlet,  Numeral  in  center  indicates  Horse  Power. 

Motor  Control  Outlet. 

Transformer 

"  Main  or  Feeder  run  concealed  under  Floor 
-a—  Main  or  Feeder  run  concealed  under  Floor  above. 
••^—  Main  or  Feeder  run  exposed. 
— —  Branch  Circuit  run  concealed  under  Floor 
-^—  Branch  Circuit  run  concealed  under  Floor  above. 

Branch  Circuit  run  exposed. 

•-♦ —  Pole  Line. 

Riser. 


H     Telephone  Outlet,  Private  Service. 
y     Telephone  Outlet,  Public  Service. 
g      Bell  Outlet. 
D'    Buizer  Outlet. 

Q2    Push  Button  Outlet;  Numeral  indicates  number  of  Pushes. 
— ^S    Annunciator.  Numeral  indicates  number  of  Points. 
— ^       Speaking  Tube. 

Watchman  Clock  Outlet 
Watchman  SUtion  Outlet 
Master  Time  Clock  Outlet. 
Secondary  Time  Clock  Outlet. 
Door  Opener. 

Q     Special  Outlet ;  for  Signal  Systems,  as  described  in  Speciftcatidns. 
||||||  Battery  Outlet. 


\  Circuit  for  Clock,  Telephone,  Bell  or  other  Service,  run  under  Floor,  concealed. 
'  (  Kind  of  Service  wanted  ascerUined  by  Symbol  to  which  line  connects. 

\  Circuit  for  Clock,  Tcltphone.  Bell  or  other  Service,  run  under  Floor  above,  concealed. 
'  (  Kind  of  Service  wanted  ascertained  by  Symbol  to  which  line  connect*. 

NCfTE— If  other  than  Standard  16  C.  P.  Incandescent  lamps  are  d«sired, 
Specifications  should  describe  capacity  of  Lamp  to  be  nsed. 
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SUGGESTIONS  l\  COWECIIOM  WITH   STAN- 
DARD SYMBOLS  FOR  WIRING  PLANS 

It  is  important  that  ample  sp.ice  be 
allowed  for  the  installation  of  main.s,  feed- 
ers, branches  and  distribution  panels 

It  is  desirable  that  a  key  to  the  symbols 
used  accompany  all  plans. 

If  mains,  feeders,  branches  and  dis- 
tribution panels  are  shown  on  the  plans, 
it  is  desirable  that  they  be  designated  by 
letters  or  numbers. 

Heights  of  Centre  of  Wall  Outlets  (unltss 
otherwise  specified) 

Living  Room."!  5'     6" 

Chambers  6'    0" 

Offices  e'^O" 

Corridors  6'     3" 

Height  of  Switches  (unless  otherwise  spec- 
ified) 4'    0" 


Cop>rifcht  190«  )   ^    ,^    .„ 

ropjrlght  iyu7   f  ^y  to®  National  EKJctrlcal  Cootra^ctort'  AHoetation  of  the  United  State*. 


ELECTRIC  WIRING 


METHODS  OF  WIRING 

The  different  metliQcls  of  wiring  which  are  now  approved  by  the 
National  Board  of  Fire  Underwriters,  may  be  classified  under  four 
general  heads,  as  follows: 

1.  Wires  Run  Concealed  in  Conduits. 

2.  Wires  Run  in  Moulding. 

3.  Concealed  Knob  and  Tube  Wiring. 

4.  Wires  Run  Exposed  on  Insulators. 

WIRES  RUN  CONCEALED  IN  CONDLJITS 

TTndcr  this  general  head,  will  be  included  the  following: 

(a)     Wires  run  in  rigid  conduits. 

{}))     Wires  run  in  flexible  metal  conduits. 

(c)      Armored  cable. 

Wires  Run  in  Rigid  Conduit.  The  form  of  rigid  metal  conduit  now 
used  almost  exclusively,  consists  of  plain  iron  gaspipe  the  interior  sur- 
face of  which  has  been  prepared  by  removing  the  scale  and  by  remov- 
ing the  irregularities,  and  which  is  then  coated  with  flexible  enamel. 
The  outside  of  the  pipe  is  given  a  thin  coat  of  enamel  in  some  cases, 
and,  in  other 
cases,  is  galvan- 
i z e d  .  Fig.  1 
shows  one  make 

•  «  11/  *^^^-  '•    Kiyi'^l  Enameled  Conduit,  Unlined. 

01  enameleci  (Un-  courtesy  of  American  Conduit  Mfg.  Co.,  Pittsbxirg,  Pa. 

lined)  conduit. 

Another  form  of  rigid  conduit  is  that  known  as  the  armored  con- 
duit, which  consists  of  iron  pipe  with  an  interior  lining  of  paper 
impregnated  with  asphaltum  or  similar  compound.  This  latter  form 
of  conduit  is  now  rapidly  going  out  of  use,  owing  to  the  unlined  pipe 
l)eing  cheaper  and  easier  to  install,  and  owing  also  to  improved  methods 
of  protecting  the  iron  pipe  from  corrosion,  and  to  the  introduction  of 
additional  braid  on  the  conductors,  which  partly  compensates  for  the 
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A->  Ai>i>rTi  It  Asu  Ki:<<»iMr.M>i:i>  uv 

T8f  s\\m\i  nnrmcii  c»\r«\rTo»s  4ss»ci\tio\  of  tbe  iimited  states  and  the  American  institite  of  arcbitects, 

I  ..r''*«ui  Iy  k*^-a  •rflx<lt.M>lolk*l>r«->  •(  Tk«  K>l    Six-   C'uai.  AmmI-b.  lUIrK,  N.  T  ,  ud  lh>  Sar'jt  uC  Tb«  Amerluo  ln>llt.  of  AnhllecU,  WuhlattaB,  D 

\Si       ffiliB{  (h:t1ct,  £l«rtric  orJv    Xcmrrtl  io  center  indicates  Bumbtr  of  Standard  16  C.  P.  Incandescent  Lamps 
iX  f    Criliaj;  Octltt ,  r-Mcbination.    *,  ind  irates  4-16  C.  P  Standard  Incandescent  Lamps  and  2  Gas  Burners.    If  gas  only  M[ 

}-^      Bracket  Ontlet.  £l«<tric  only.    Nomeral  in  center  indicates  number  of  Standard  16  C.  P.  Incandescent  Lamps. 
|-)|{^2    Prarket  Outlet,  Combination.    *.  indicates  4-16  C.  P  Standard  Incandescent  Lamps  and  2  Gas  Bumen.    If  gas  only 
;r-pO        Wall  or  Baseboard  Receptacle  Outlet.     Nomeial  in  center  indicates  number  of  Standard  16  C.  F  Incandescent  Lamps. 
J3j      Fk*r  Outlet.    Nnmeral  in  center  indicates  number  of  Standard  16  C.  P  Incandescent  Lamps. 
"Qt    Outlet  for  Outdoor  Standard  or  Pedestal,  Electric  only     Numeral  indicates  number  of  Stand.  16  C.  P  lamps. 
]^#    Outlet  for  Outdoor  Standard  or  Pedestal,  Combination.     |  indicates  6-16  C.  P  Stand.  Incan.  Lamps;  6  Gas  Burners. 
JBJ      Erop  Cord  Outlet 
®       One  Licht  Outlet,  for  Lamp  Beccptade. 
3       Art  Lamp  Outlet 

^      Special  Outlet  for  LigbtiBg,  Heatiag  and  Power  Current,  as  described  in  Specifictttioni. 
C^Cy^  CeilxBf  Fan  Outlet. 

I  Show  as  many  Symbols  as  there  are.  Switches.    Or  in  case  of  a  very   large  group 
of  Switches,  indicate  number  of  Switches  by  a  Boman  nu  meral,  thus :    S"   ^n, 
meaning  12  Single  Pole  Switches. 
Describe  Type  of  Switch  in  Specifications,  that  is, 


S.  P  Swiuh  Outlet 

0.  P  Switch  Outlet. 

3-Way  Switch  Outlet. 

4- Way  Switch  Outlet 

Automatic  Door  Switch  Outlet. 

Electrolier  Switch  Outlet 

Meter  Outlet. 

Oistribntioa  PaneL 

luBCtioB  or  Pull  Box. 

Motor  Outlet,  Numeral  in  center  indicates  Horse  Power. 
[jxj   Motor  Control  Outlet 
=^  f'  Transformer 

^— ^-— •  Main  or  Feeder  run  concealed  under  Floor 
^BB^i^B^— •  Main  or  Feeder  run  concealed  under  Floor  above 


S' 
S' 

s* 

B 


Flush  or  Surface,  Push  Button  or  Snap, 


^ 


••»«••-—  Main  or  Feeder  run  exposed. 

— ■ Branch  Circuit  run  concealed  under  Floor 

^— — ^  Branch  Circuit  run  concealed  under  Floor  above. 
Branch  Circuit  run  exposed. 


■-•-—  Pole  Line. 


1^  Telephone  Outlet,  Private  Service. 

^  Telephone  Outlet,  Public  Service. 

g  Bell  Outlet. 

O  Buizer  OuUet. 

Q2  Push  Button  Outlet;  Numeral  indicates  number  of  Pushes. 

— ^^  Annunciator.  Numeral  indicates  number  of  Points. 

— ^  Speaking  Tube. 

-0  Watchman  Clock  Outlet 

T  Watchman  Sution  Outlrt 

_^  Master  Time  Clock  Outlet. 

_jj)  Secondary  Time  Clock  Outlet. 

gj  Coor  Opener. 

g  8p<(ial  Outlet ;  for  Simal  Systems,  as  described  in  Speciflcatidns. 

|l|l|l  BAttcry  Outlet. 

I  C'»«»rt  '«  Clo«k,  Telephone,  Bell  or  other  Service,  run  under  Floor,  concealed. 

I  Kind  of  Service  wanted  ascertained  by  Symbol  to  which  line  connects. 
(  <^'f"'"  f«  Clock,  Telephone,  Bell  or  other  Service,  run  under  Floor  above,  concealed. 

/  Kind  of  Service  wanted  ascertained  by  Symbol  to  which  line  connects. 

NOTE-If  other  than  Standard  16  C.  P.  Incandescent  lamps  are  d-sired, 
Specifications  should  describe  capacity  of  Lunp  to  be  used. 


SUCCESTIOXS  I!N  COWECTIOIV  with   STAN. 
DARD  SYMBOLS  FOR  WIRIKfi  PLANS 

It  is  important  that  ample  space  be 
allowed  for  the  installation  of  main.s,  feed- 
ers, branches  and  distribution  panels 

It  is  desirable  that  a  key  to  the  symbols 
used  accompany  all  plans. 

If  mains,  feeders,  branche.<!  and  dis 
tribution  panels  are  shown  on  the  plans, 
it  is  desirable  that  they  be  designated  by 
letters  or  numbers. 

Heights  of  Centre  of  Wall  Outlets  (un!tss 
otherwise  specified) 

Living  Roonx<:  5'  6" 
Chambers  6'  0" 
Offices  6*0" 
Corridors  6'  3" 
Height  of  Switches  (unless  otherwise  spec- 
ified) 4'    0" 


C'op>riKht  190« 
Copyright  1VU7 


by  tbe  National  Electrical  Contractor.'  Association  of  the  UnlteH  Sta«e.. 


ELECTRIC  WIRING 


METHODS  OF  WIRING 

The  different  methqds  of  wiring  which  are  now  approved  by  the 
National  Board  of  Fire  Underwriters,  may  be  classified  under  four 
general  heads,  as  follows: 

1.  Wires  Run  Concealed  in  Conduits. 

2.  Wires  Run  in  Moulding. 

3.  Concealed  Knob  and  Tube  Wiring. 

4.  Wires  Run  Exposed  on  Insulators. 

WIRES  RUN  CONCEALED  IN  CONDUITS 

Under  this  general  head,  will  be  included  the  following: 

(a)     Wires  run  in  rigid  conduits. 

(ft)     Wires  run  in  flexiMe  metal  conduits. 

(c)      Armored  cable. 

Wires  Run  in  Rigid  Conduit.  The  form  of  rigid  metal  conduit  now 
used  almost  exclusively,  consists  of  plain  iron  gaspipe  the  interior  sur- 
face of  which  has  been  prepared  by  removing  the  scale  and  by  remov- 
ing the  irregularities,  and  which  is  then  coated  with  flexible  enamel. 
The  outside  of  the  pipe  is  given  a  thin  coat  of  enamel  in  some  cases, 
and,  in  other 
cases,  is  galvan- 
i z e d  .  Fig.  1 
shows  one  make 

•  «  11/  ^''^^-  ^-    I^iyi^  Enameled  Concluit,  Unlined. 

OI  enameiea  (Un-  courtesy  of  American  Conduit  Mfg.  Co.,  Pittsburg,  Pa. 

lined)  conduit. 

Another  form  of  rigid  conduit  is  that  known  as  the  armored  con- 
duit, which  consists  of  iron  pipe  with  an  interior  lining  of  paper 
impregnated  with  asphaltum  or  similar  compound.  This  latter  form 
of  conduit  is  now  rapidly  going  out  of  use,  owing  to  the  unlined  pipe 
l)eing  cheaper  and  easier  to  install,  and  owing  also  to  improved  methods 
of  protecting  the  iron  pipe  from  corrosion,  and  to  the  introduction  of 
additional  braid  on  the  conductors,  which  partly  compensates  for  the 
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pipe  Wmff  unlifutl.  T'wv  iiitnxluction  of  improved  devices — such  as 
outlet  insulators,  for  protecting  the  conductors  from  the  shaip  edges  of 
the  pi|)e,  at  outlets,  cut-out  cabinets,  etc. — also  decreases  the  neces- 
sity of  the  additional  protection  afforded  })y  tlie  interior  paper  lining. 

Rigid  Conduits  are  made  in  gaspipe  sizes,  from  one-half  inch  to 
tliree  iuches  in  diameter.  The  following  table  gives  the  various  data 
relating  to  rigid,  enameled  (unlined)  conduit: 

TABLE  I 
Rigid,  Enameled  Conduit— Sizes,  Dimensions,  Etc. 


Nominal 

Ndmber  of 

Actual 

Nominal 

Standard 

Thickness 

Weight 

Threads 

Outside 

Inside 

PlHK   SiZK 

PER 

PER  Inch 

Diameter. 

Diameter. 

100  Feet 

OF  Screw 

Inches 

Inches 

J 

.109 

84 

14 

.84 

.62 

3 

.113 

112 

14 

1.05 

.82 

1 

.134 

167 

U 

1.31 

1.04 

u 

.140 

224 

11 

1.66 

1.38 

n 

.14.5 

268 

Hi 

1.90 

1.61 

2 

.154 

361 

Hi 

2.37 

2.06 

2i 

.204 

574 

8 

2.87 

2.46 

3 

.217 

754 

8 

3.50 

3.06 

Tables  IT,  III,  and  IV  give  the  various  sizes  of  conductors  that 
may  l)e  installed  in  these  conduits.     Caution  must  be  exercised  in 

TABLE   II 
Single  Wire  in  Conduit 


Size  Wire,  B.  &  S.  G. 

Loricated  Conduit,  Unlined;  D.  B.  Wire 

No.  14-4 

i  inch 

"        2 

"   . 

"        1 

tt 

"        0 

i 

inch 

or  1 

II 

"       00 

" 

"       000 

tc 

"       0000 

II 

2.50,000  C.  M. 

U 

11 

3fK),000  C.  M. 

II 

3.50,000  C.  M. 

r 

II 

4(K),0()0  C.  M. 

U 

" 

or  li 

" 

4.5(J.OOO  C.  M. 

li 

It 

.5(K),0(X)  C.  M. 

li 

n 

()00,000  C.  M. 

U 

" 

or  2 

II 

7m),000  C.  M. 

2 

it 

800,000  C.  M. 

2 

It 

<K)0.000  C.  M. 

2 

It 

1,000.000  C.  M. 

2 

<( 

or  2i 

It 

1..500,000  C.  M. 

2f 

tl 

1.7(K).00()  C.  M. 

3 

It 

2.000,000  C.  M. 

3 

•ll 
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TABLE   III 
Two  Wires  in  One  Conduit 


SiZK  WlIlK.   B 

&  S.  G. 

LORICATED   Co 

xDun 

\  XJnlinkd;   D.  B.  Wire 

No.  14 

i 

inch. 

"     12 

h 

inch 

or      i 

"     10 

i 

"       8 

1 

"       6 

1 

"       5 

1 

" 

or  U 

"       4 

U 

"       3 

U 

"       2 

li 

II 

or  H 

"       1 

H 

"       0 

H 

"       00 

u 

" 

or  2 

"       000 

2 

"       0000 

o 

250,000  C. 

M. 

2 

" 

or  2i 

300,000  C. 

M. 

2i 

350,000  C. 

M. 

2^ 

400,000  C. 

M. 

2i 

" 

or  3 

450,000  C. 

M. 

3 

500. 0(X)  C. 

M. 

3 

600,000  C. 

M. 

3 

700,000  C. 

M. 

3 

TABLE  IV 
Three  Wires  in  One  Conduit 


Size  Wire. 

B.&S.G 

LORIC.^TKD 

D. 

Tub 
B.  V 

K,  Unlined; 

i^IRE 

Outside* 

Center 

No.    14 

No. 

12 

3  inch 

"      12 

" 

10 

J 

"      10 

" 

8 

1 

8 

" 

6 

1 

6 

" 

4 

1 

5 

ti 

2 

1 

4 

ic 

1 

U    inc 

1  or 

H 

3 

It 

0 

H 

2 

" 

2/0 

U      " 

or 

2 

1 

" 

3/0 

2 

0 

11 

4/0 

2 

"     2/0 

250 

M. 

2 

or 

2* 

"     3/0 

300 

M. 

2^ 

"     4/0 

400 

M. 

2^ 

250  M. 

450 

M. 

2h      " 

or 

3 

250  M. 

500 

M. 

3 

300  M. 

GOO 

M. 

3 

350  M, 

700 

M. 

3 

400  M. 

800  M. 

3 

450  M. 

900 

M. 

3 
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using  lliese  tallies,  for  flic  reason  tluit  the  sizes  of  eondiietors  which 
may  U^  siifely  installed  in  any  run  of  conduit  depend,  of  course,  njx)n 
the  length  of  and  the  number  of  bends  in  the  run.  The  tables  are 
based  on  average  conditions  where  the  run  does  not  exceed  00  to  100 
feet,  without  nu)i*e  than  three  or  four  l)ends,  in  the  case  of  the  smaller 
sizes  of  wires  for  a  given  size  of  conduit;  and  where  the  run  does  not 
exceed  40  to  50  feet,  with  not  uiore  than  one  or  two  bends,  in  the  case 
of  the  larger  sizes  of  wires,  for  the  same  sizes  of  conduit. 

Unlined  conduit  can  be  bent  without  injury  to  the  conduit,  if  the 
conduit  is  properly  made  and  if  proper  means  are  used  in  making  the 
l)ends.  Care  should  be  exercised  to  avoid  flattening  the  tube  as  a  result 
of  making  the  bend  over  a  sharp  curve  or  angle. 

In  installing  iron  conduits,  the  conduits  should  cross  sleepers  or 
beams  at  right  angles,  so  as  to  reduce  the  amount  of  cutting  of  the 
beams  or  sleej^ers  to  a  minimum. 

Where  a  number  of  conduits  originate  at  a  center  of  distribution, 
they  should  be  iim  at  right  angles  for  a  distance  of  two  or  three  feet 
fn)m  the  cut-out  box,  in  order  to  obtain  a  symmetrical  and  workman- 
like arrangeirtent  of  the  conduits,  and  so  as  to  have  them  enter  the 
cabinet  in  a  neat  miuiner.  While  it  is  usual  to  use  red  or  white  lead 
at  the  joints  of  conduits  in  order  to  make  them  water-tight,  this  is 
fre([uently  unnecessary  in  the  case  of  enameled  conduit,  as  there  is 
often  sufficient  enamel  on  the  thread  to  make  a  water-tight  joint. 

^Vhen  iron  conduits  are  installed  in  ash  concrete,  in  Keene 
cement,  or,  in  general,  where  they  are  subject  in  any  way  to  corrosive 
action,  they  should  be  coated  with  asphaltum  or  other  similar  protec- 
tive paint  to  prevent  such  action. 

While  the  cost  of  circuit  work  run  in  iron  conduits  is  usually 
greater  than  any  other  method  of  wiring,  it  is  the  most  permanent 
and  durable,  and  is  strongly  recommended  where  the  first  cost  is  not 
the  sole  consideration.  This  method  of  wiring  should  always  be 
used  in  fireproof  buildings,  and  also  in  the  better  class  of  frame  build- 
ings. It  is  also  to  be  recommended  for  exposed  work  where  the  work 
is  liable  to  disturbance  or  mechanical  damage. 

Wires  Run  in  Flexible  Metal  Conduit.  This  form  of  conduit, 
shown  in  Fig.  2,  is  descriU'd  by  the  manufacturers  as  a  conduit  com- 
jKJScd  of  "concave  and  convex  metal  strips  wound  spirally  upon  each 
other  in  such  a  manner  as  to  interlock  several  concave  surfaces  and 
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Fig.  2.    Flexible  Steel  Conduit. 
Courtesy  of  Sterling  Electric  Co.,  Troy,  N.  T. 


present  their  convex  surfaces,  both  exterior  and  interior,  thereby 
securing  a  smooth  and  comparatively  frictionless  surface  inside  and 
out/' 

The  field  for  the  use  of  this  form  of  conduit  is  rapidly  increasing. 
Owing  to  its  flexibility,  conduit  of  this  type  can  be  used  in  numerous 
cases  where  the 
rigid  conduit 
could  not  possi- 
bly  be  em  - 
ployed.  Its  use 
is  to  be  recom- 
mended above 

all  the  other  forms  of  wiring,  except  that  installed  in  rigid  conduits. 
For  new  fireproof  buildings,  it  is  not  so  durable  as  the  rigid  conduit, 
because  not  so  water-tight;  and  it  is  very  difficult,  if  not  impossible, 
to  obtain  as  workmanlike  a  conduit  system  with  the  flexible  as  with  the 
rigid  type  of  conduit.  For  completed  or  old  frame  buildings,  however, 
the  use  of  the  flexible  conduit  is  superior  to  all  other  forms  of  wiring. 

Table  V  gives  the  inside  diameter  of  various  sizes  of  flexible  con- 
duit, and  the  lengths  of  standard  coils.  inside  diameter  of  this 
conduit  is  the  same  as  that  of  the  rigid  conduit;  and  the  table  given 
for  the  maximum  sizes  of  conductors  which  may  be  installed  in  the 
various  sizes  of  conduits,  may  be  used  also  for  flexible  steel  conduits, 
except  that  a  little  more  margin  should  be  allowed  for  flexible  steel 
conduits  than  for  the  rigid  conduits,  as  the  stiffness  of  the  latter  makes 
it  ix)ssible  to  pull  in  slightly  larger  sized  conductors. 


TABLE  V 
Greenfield  Flexible  Steel  Conduit 


Inside 

Diameter 

Approximate  Feet  in  Coil 

i"* 

inch 

200 

(< 

200 

\ 

(( 

100 

1 

" 

50 

1 

« 

50 

u 

inches 

50 

li 

" 

50 

2 

" 

Random  Lengths 

2i 

<<              <i 

3 

((              11 
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This  comluit  should,  of  course,  be  first  installed  without  the  con- 
ductors, in  the  same  manner  as  the  rigid  conduit.  Owing  to  the 
flexibility  of  this  conduit,  however,  it  is  absolutely  essential  to  fasten 
it  securely  at  all  elbows,  bends,  or  offsets;  for,  if  this  is  not  done,  con- 
siderable difficulty  will  be  ex- 
perienced in  drawing  the  con- 
ductors in  the  conduit. 

The  ndes  governing  the  in- 
stallation of  this  conduit  are 
the   same    as    those  covering 
rigid  conduits.  Double-braided 
Fig.  3.  Use  of  Elbow  Clamp  for  Fastening  Flex-  couductors  are  required,  and 

Ible  Conduit  In  Place.  ,,  i    •      i        ii,  ,     , 

the  conduit  should  be  grounded 
as  required  by  the  Code  Rules.  As  already  stated,  the.  conduit  should 
l)e  securely  fastened  (in  not  less  than  three  places)  at  all  elbows;  or 
else  the  special  elbow  clamp  made  for  this  purpose,  shown  in  Fig.  3, 
.should  be  used. 

In  order  to  cut  flexible  steel  conduit  properly,  a  fine  hack  saw 
should  be  employed.  Outlet-boxes  are  required  at  all  outlets,  as  well 
as  bushing  and  wires  to  rigid 
conduit.  Fig.  4  shows  a  coil 
of  flexible  steel  conduit.  Figs. 
5,  6,  and  7  show,  respectively, 
an  outlet  box  and  cover,  outlet 
plate,  and  bushing  used  for  this 
conduit. 

Armored  Cable.  There 
are  many  cases  where  it  is  im- 
possible to  install  a  conduit 
sj'stem.  In  such  cases,  prob- 
bably  the  next  best  results  may 
he  obtained  by  the  use  of  steel 
armored  cable.  The  rules  gov- 
eming  the  installation  of  armored  cable  are  given  in  the  Naiimal 
Electric  Code,  under  Section  24-A,  and  Section  48 ;  also  in  24-S.  This 
cable  is  shown  in  Fig.  8. 

Steel  armored  cable  is  made  by  winding  formed  steel  strips  over 
the  insulated  conductors.    The  steel  strips  are  similar  to  those  used 


Fig.  4.  A  100-Foot  Coll  of  Flexible  Steel  Conduit. 
Courtesy  of  Sprague  Electric  Co.,  New  York,  N.  Y. 
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for  the  steel  conduit.     Care  is  taken  in  forming  the  cable,  to  avoid 
crushing  or  abraiding  the  insulation  on  the  conductors  as  the  steel 


Fig.  5.    Outlet  Box  for  Flexible  Steel  Conduit. 

strips  are  fed  and  formed  over  the  same.     In  the  process  of  manufac- 
ture, the  spools  of  steel  ribbon  are  of  irregular  length,  and  when  a 


Fig.  6.    Outlet  Plate  for  Flexible  Steel 
Coudult. 


Fig.  7.    Outlet  Bushing. 
Cowteeij of  SpragueElectric  Co.,NewYork,  N.Y. 


s\yoiA  is  empty,  the  macliine  is  stopped,  and  the  ribbon  is  stiirted  on 
the  next  spool,  the  process  being  continued.    There  is  no  reason  why 


Fig.  8.    Flexible  Armored  Cable.    Twin  Conductor's. 
Courtesy  of  ISprague  Electric  Co.,  New  York,  N.  Y.  , 

the  conduit  cables  could  not  be  made  of  any  Icnigth;  but  their  actual 
lengths  as  made  are  determinetl  by  convenience  in  handling.    Armored 
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cable  is  made  in  single  conductors  from  No.  1  to  No.  10  B.  &  S.  G.; 
in  twin  conductors,  from  No.  6  to  No.  14  B.  &  S.  G.;  and  three-conduc- 
tor cable,  from  No.  10  to  No.  14  B.  &  S.  G.  Table  VI  gives  various 
data  relating  to  armored  conductors: 

TABLE  VI 
Armored  Conductors — Types,  Dimensions,  Etc. 


SlZK 

Outside 

B  &S 

Typk  and  Numbkr  op  Conductors 

DiAMKTKU 

Gauge 

(Inches) 

No.  It 

BX  twin  conductor 

.63 

*'     12 

((       ((              <( 

.685 

"    10 

<(       <(              (( 

.725 

"      8 

((        ((              (( 

.875 

"      G 

U               ((                             <( 

1.3125 

"     14 

BM  twin  conductor  (for  nuirine  work 

— shij) 

wiring) 

.725 

"     12 

tl     .      u                     u 

.725 

"     10 

It       t(             It 

.73 

"     14 

BX3  three  conductor 

.71 

"     12 

i<         11              (( 

.725 

•*    10 

H                  tt                           tl 

.73 

"     14 

BXL  twin  conductor,  leaded 

.   .725 

"     12 

li             a                    li                       it 

.725 

"     10 

It             It                    tt                       tt 

- 

.87 

"    14 

BXL3  three  conductor,  leaded 

.90 

"    12 

tt           tt              tt                tt 

.90 

"     10 

tt           tl             tt                tt 

.94 

"     10 

Type  1)  single  conductor,  stranded 

.550 

"      8 

.550 

"      6 

tt      tt        tt              tl                  (t 

.57-5 

"      4 

tt      tt        tl              tl                  It 

.700 

"      2 

tt            tt              H                          tt                                  tl 

.900 

"       1 

tt      tl        tt              It                  (I 

.965 

"    10 

Tyr)e  DL  sinj^le  conductor,  stranded. 

loaded 

.625 

"      8 

it         It         <r               i(                      tl 

(( 

.710 

"      6 
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Steel  Armored  Flexible  Cord 
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Type  E  twin  conductor 
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Type  EM  twin  conductor,  re-inforced 
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11 
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In  Table  \  I,  Tvpcs  D  (single),  BX  (twin),  and  BX3  (3  conduc- 


130 


ELECTRIC  WIRING 


tors)  are  armored  cable  adapted  for  ordinary  indoor  work.  Type 
BM  (twin  conductors)  is  adapted  for  marine  wiring..  Types  DL 
(single),  BXL  (twin),  and  BXL  3  (3  conductors)  have  the  conductors 
lead-encased,  with  the  steel  armor  outside,  and  are  especially  adapted 
for  damp  places,  such  as  breweries,  stables,  and  similar  places. 

Type  E  is  used  for  flexible-cord  pendants,  and  is  suitable  for 
factories,  mills,  show  windows,  and  other  similar  places.  Type  EM 
is  the  same  as  Type  E;  but  the  flexible  cord  is  reinforced,  and  is  suit- 
able for  marine  work,  for  use  in  damp  places,  and  in  all  cases  where  it 
will  be  subject  to  very  rough  handling. 

Wliile  this  form  of  wiring  has  not  the  advantage  of  the  conduit 
system — namely,  that  the  wires  can  be  withdra\\«n  and  new  wires 
inserted  without  disturbing  the  building  in  any  way  whatever — ^yet  it 
has  many  of  the  advantages  of  the  flexible  steel  conduit,  and  it  has 
some  additional  advantages  of  its  own.  For  example,  in  a  building 
already  erected,  this  cable  can  be  fished  between  the  floors  and  in  the 
partition  walls,  where  it  would  be  impossible  to  install  either  rigid 
conduit  or  flexible  steel  conduit  without  disturbing  the  floors  or 
walls  to  an  extent  that  would  be  objectionable. 

Armored  conductors  should  be  continuous  from  outlet  to  outlet, 
without  being  spliced  and  installed  on  the  loop  system.  Outlet  lx)xes 
should  be  installed  at  all  outlets,  although,  where  this  is  impossible, 
outlet  plates  may  be  used  under  certain  conditions.  Clamps  should 
be  provided  at  all  outlets,  switch-boxes,  junction-boxes,  etc.,  to  hold 
the  cable  in  place,  and  also  to  serve  as  a  means  of  grounding  the  steel 
sheathing. 

Armored  cable  is  less  expensive  than  the  rigid  conduit  or  the 
flexible  steel  conduit,  but  more  expensive  than  cleat  wiring  or  knob 
and  tube  wiring,  and  is  strongly  recommended  in  preference  to  the 
latter. 

WIRES  RUN  IN  MOULDING 

Moulding  is  very  extensively  used  for  electric  circuit  work,  in 
extending  circuits  in  buildings  which  have  already  been  wired,  and 
also  in  wiring  buildings  which  were  not  provided  with  electric  circuit 
work  at  the  time  of  their  erection.  The  reason  for  the  popularity  of 
moulding  is  that  it  furnishes  a  convenient  and  fairly  good-looking 
runway  for  the  wires,  and  protects  them  from  mechanical  injury. 
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It  seems  almost  unwise  to  place  conductors  carrying  electric  current, 
in  wood  casing;  but  this  method  is  still  permitted  by  the  National 
Electric  Code,  although  it  is  not  allowed  in  damp  places  or  in  places 

,  where  there  is  liability  to  damp- 
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Fig.  9.    Two- Wire  Wood  Moulding. 


ness,  such  as  on  brick  walls, 
in  cellars,  etc. 

The  dangers  from  the  use  of 
moulding  are  that  if  the  wood 
becomes  soaked  with  water, 
there  will  be  a  liability  to  leak- 
age of  current  between  the  conductors  run  in  the  grooves  of  the  mould- 
ing,and  to  fire  being  thereby  started,  which  may  not  be  immediately  dis- 
covered. Furthermore,  if  the  conductors  are  overloaded,  and  conse- 
quently overheated,  the  wood  is  likely  to  become  charred  and  finally  ig- 
nited. Moreover,  the  moulding  itself  is  always  a  temptation  as  affording 
a  good  "round  strip"  hi  which  to  drive  nails,  hooks,  etc.  However,  the 
convenience  and  popularity  of  moulding  cannot  be  denied;  and  until 
some  better  substitute  is  found,  or  until  its  use  is  forbidden  by  the 
Rules,  it  will  continue  to  be  used  to  a  very  great  extent  for  running 
circuits  outside  of  the  walls  and  on  the  ceilings  of  existing  buildings. 
Figs.  9, 10,  11,  and  12  show  two- and  three-wire  moulding  respectively; 
and  Table  VII  gives  complete  data  as  to  sizes  of  the  moulding  required 
for  various  sizes  of  conductors. 

While  the  Rules  recommend  the  use  of  hardwood  moulding,  as  a 
matter  of  fact  probably  00  per  ceiit  of  the  moukling  used  is  of  white- 
wood  or  other  similar  cheap,  soft  wo(k]  .    Georgia  pine  or  oak  ordinarily 
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Fig.  10.    Two- Wire  Wood  Moulding. 


costs  alnjut  twice  ;is  uiucli  as  the  soft  wood.  In  designing  moulding 
work,  if  nppcaraiice  is  of  importance,  the  moulding  circuits  sliouUl 
be  laid  out  so  as  to  afford  a  symmetrical  and  complete  design.     For 
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example,  if  an  outlet  is  to  be  located  in  the  center  of  the  ceiling, 
the  moulding  should  be  continued  from  wall  to  wall,  the  portion  beyond 
the  outlet,  of  course,  having  no  conductors  inside  of  the  moulding. 
If  four  outlets  are  to  be  placed  on  the  ceiling,  the  r'^ctangle  of  moulding 
should  be  completed  on  the  fourth  side,  although,  of  course,  no  con- 
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Fig.  11.    Three-Wire  Wood  Moulding. 

ductors  need  be  placed  in  this  portion  of  the  moulding.  Doing  this 
increases  the  cost  but  little  and  adds  greatly  to  the  appearance. 

Moulding  is  frequently  used  in  combination  with  other  methods 
of  wiring,  including  armored  cable,  flexible  steel  tubing,  and  fibrous 
tubing.  In  many  instances,  it  is  possible  to  fish  tubing  between 
beams  or  studs  nmning  in  a  certain  direction;  but  when  the  conduc- 
tors are  to  run  in  another  direction  or  at  right  angles  to  the  beams  or 
studs,  exposed  work  is  necessary.  In  such  cases,  a  junction-box  or 
outlet-box  must  be  placed  at  the  point  of  connection  between  the 
moulding  and  the  armored  cable  or  steel  tubing. 

Where  circuits  are  run  in  moulding,  and  pass  through  the  floor, 

additional  protection  must  be  provided,  as  required  by  the  Code  Rules, 
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Fig.  12.    Three-Wire  Wood  Moulding. 

to  protect  the  moulding.  As  a  rule,  it  is  better  to  use  conduit  for  all 
portions  of  moulding  within  six  feet  of  the  floor,  so  as  to  avoid  the 
possibility  of  injur}^  to  the  circuits.  WTiere  a  combination  of  iron 
conduit  or  flexible  steel  tubing  is  used  with  moulding,  it  is  well  to  use 
double-braided  conductors  throughout,  because,  although  only  single- 
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TABLE  VII 
Sizes  of  Mouldings  Required  for  Various  Sizes  of  Conductors 
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))rai(le(l  conductors  are  required  with  moulding,  double-braided  con- 
ductors are  required  with  unlined  conduit,  and  if  double-braided  con- 
ductors were  not  used  throughout,  it  would  be  necessary  to  make  a 
joint  at  the  outlet-box  where  the  moulding  stopped  and  the  conduit 
work  commenced.  Where  the  conductors  pass  through  floors,  in 
moulding  work,  and  where  iron  conduit  is  used,  the  inspection  authori- 
ties, in  onler  to  protect  the  wire,  usually  require  that  a  fibrous  tubing 
l)e  used  as  additional  protection  for  the  conductors  inside  of  the  iron 
pipe,  although,  if  double-braided  wire  is  used,  this  will  not  usually  be 
rcfjiiired.  Fig.  13  shows  a  fuseless  cord  rosette  for  use  with  moukling 
work.     Fig.  14  shows  a  device  for  making  a  /ap  in  moulding  wiring. 

^hnilding  work,  under  ordinar}^  conditions,  costs  about  one-half 
as  nnich'as  circuit  run  in  rigid  conduit,  and  about  75  per  cent,  under 
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ordiiicary  conditions,  of  the  cost  of  armored  cable.  "Where  the  latter 
njethod  of  wiring  or  the  conduit  system  can  be  employed,  one  or  tne 
other  of  these  two  methods  should  be  used  in  preference  to  moulding, 


lioseit*!. 
Courtexy  of  Orouxe-  flindg  Co. 
^Syracuse,  N.  Y. 


Fig.  14.    Device  for  Making  "Tap"  in 
Moulding. 
Courtesy  of  JI.  T.  Painte  Ck, 
PhUadetp/iia,  Pa. 


US  the  work  is  not  only  more  sul)slantial,  but  also  safer.  Various  forms 
of  metal  moulding  have  been  intnxluced,  but  up  to  the  present  time 
have  not  met  with  the  success  which  tliey  deseiTc. 

CONCI3AL12DKNOB.AND  TUBE  WIRING 

This  method  of  wiring  is  still  allowed  by  the  National  Electric 
Code,  although  many  vigorous  attempts  have  been  made  to  have  it 
abolished.  Each  of  these  attempts  has  met  with  the  strongest 
opposition  from  contractors  and  central  stations,  particularly  in  small 
towns  and  villages,  the  argument  for  this  method  being,  that  it  is  the 
cheapest  method  of  wiring,  and  that  if  it  were  forbidden,  many  places 
which  are  wired  according  to  this  method  would  not  be  wired  at  all, 
and  the  use  of  electricity  would  therefore  be  much  restricted,  if  not 
entirely  done  away  with,  in  such  communities.  This  argument,  how- 
ever, is  only  a  temporary  makeshift  obstruction  in  the  way  of  inevitable 
progress,  and  in  a  few  years,  undoubtedly,  the  concealed  knob  and 
tube  method  will  be  forbidden  by  the  National  Electric  Code. 

The  cost  of  wiring  according  to  this  method  is  about  one-third 
of  the  cost  of  circuits  run  in  rigid  conduit,  and  about  one-half  of  the 
cost  of  circuits  run  in  armored  cable.    The  latter  method  of  wiring 
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is  rapidly  replacing  knob  and  tube  wiring,  and  justly  so,  wherever 
the  additional  price  for  the  latter  method  of  wiring  can  be  obtained. 
As  the  name  indicates,  this  method  of  wiring  employs  porcelain  knobs 


Fig.  15.    Knob  and  Tube  Wiring. 

ami  tubes,  the  circuit  work  being  run  ccmcealed  between  the  floor  beams 
and  studs  of  a  frame  building.  The  knobs  are  used  when  the  circuits 
iiin  parallel  to  the  floor  beams;  and  the  porcelain  tubes  are  used  when 
the  circuits  are  run  at  right  angles  to  the  floor  beams. 

Fig.  15  shows  an  example  of  knob  and  tube  wiring.  In  concealed 
knob  and  tube  wiring,  the  wires  must  be  separated  at  lea,st  ten  inches 
from  one  another,  and  at  least  one  inch  from  the  surface  wired  over, 
that  is,  from  the  beams,  flooring,  etc.,  to  which  the  insulator  is  fas- 
tened. Fig.  16  shows  a 
good  type  of  porcelain 
knob  for  this  class  of 
wiring.  For  knob  and 
tube,  wiring,  it  will  be 
noted  that,  owing  to  the 
fact  that  the  wiring  is 
concealed,  the  conductors 
must  l)e  kept  further  apart  than  in  the  case  of  exposed  or  open  wiring 
on  insulators,  where,  except  in  damp  places,  the  wires  may  be  run  on 
cleats  or  on  insulators  only  one-half  inch  from  the  surface  wired  over. 


['""Ig.  16.    Porcelain  Knob 
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Fibrous  Tubing.  Fibrous,  tubing  is  frequently  used  with  knob 
and  tube  wiring,  and  the  regulations  governing  its  use  are  given  in 
Rule  24,  Section  S,  of  the  National  Electric  Code.  This  tubing,  as 
stated  in  this  Rule,ma,y  be  used  where  it  is  impossible  and  impracticable 
to  employ  knobs  and  tubes,  provided  the  difference  in  potential 
between  the  wires  is  not  over  300  volts,  and  if  the  wires  are  not  sub- 


Fig.  17.    Flexible  Tubing,  "Flexrtnct"  Type. 
Courtesy  of  National  Metal  Molding  Co.,  IHttuburg,  Pa. 


ject  to  moisture.  The  cost  of  wiring  in  flexible  fibrous  tubing  is 
approximately  al)out  the  same  as  the  cost  of  knob  and  tube  wiring. 
Duplex  conductors,  or  two  wires  together  are  not  allowed  in  fibrous 
tubing. 

Fibrous  tubing  is  require<l  at  all  outlets  where  conduit  or  armored 
cable  is  not  usetl  (as  in  knob  and  tube  wiring) ;  and,  as  recjuired  by  the 
Rules,  it  must  extend  back  from  the  last  porcelain  support  to  one  inch 
beyond  the  outlet.     Fig.  17  shows  one  make  of  fibrous  tubing. 

Table  VIII  gives  the  maximum  sizes  of  conductors  (double- 
braided)  which  may  be  installed  in  fibrous  conduit. 


TABLE  VIII 
Sizes  of  Conductors  in  Fibrous  Conduit 
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WIRES  RUN  EXPOSED  ON  INSULATORS 

This  method  of  wiring  has  the  advantages  of  cheapness,  durabiHty, 
and  accessibility. 

Cheapness.  The  relative  cost  of  this  method  of  wiring  as  com- 
pared with  that  of  the  concealed  conduit  system,  is  about  fifty  per  cent 
of  the  latter  if  rubber-covered  conductors  are  used,  and  about  forty 
per  cent  of  the  latter  if  weatherproof  slow-burning  conductors  are  used. 
As  the  Rules  of  the  Fire  Underwriters  allow  the  use  of  weatherproof 
slow-burning  conductors  in  dry  places,  considerable  saving  may  be 
effected  by  this  method  of  wiiiinr.  provided  there  is  no  objection  to  it 


Fig.  18.    Large  Feeders  Run  Exposed  on  Insulators, 

from  the  standpoint  of  appearance,  and  also  provided  that  it  is  not 
li;d)le  to  mechanical  injury  or  disarrangement. 

Durability.  It  is  a  well-known  fact  that  rubber  insulation  has  a 
relatively  short  life.  Inasmuch  as  in  this  method  of  wiring,  the  insula- 
tion does  not  depend  upon  the  insulation  of  the  conductors,  but  on 
the  insulators  themselves,  which  are  of  glass  or  porcelain,  this  system 
is  much  more  desirable  than  any  of  the  other  methods.  Of  course, 
if  the  conductors  are  mechanically  injured,  or  the  insulators  broken, 
the  insulation  of  the  system  is  reduced ;  but  there  is  no  gradual  dete- 
rioration as  there  is  in  the  case  of  other  methods  of  wiring,  where 
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rubber  is  depended  upon  for  insulation.  This  is  especially  true  in  hot 
places,  particularly  where  the  temperature  is  120°  F.  or  above.  For 
such  cases,  the  weatherproof  slow-burning  conductors  on  porcelain 
or  glass  insulators  are  especially  recommended. 

Accessibility.    The  conductors  being  run  exposed,  they  may  be 
readily  repaired  or  removed,  or  connections  maybe  made  to  the  same. 

This  method  of 
wiring  is  especially 
recommended  for 
mills,  factories,  and 
for  large  or  long 
feeder  conductors. 
Fig.  18  shows  ex- 
amples of  exposed 
large  feeder  con- 
ductors, installed  in  the  New  York  Life  Insurance  Building,  New 
York  City.  For  small  conductors,  up  to  say  No.  6  B.  &  S. 
Gauge  each,  porcelain  cleats  may  be  used  to  support  one,  two, 
or  three   conductors,   provided    the  distance   between   the  conduc- 


Fip.  19.    Two- Wire  Cleat. 


Fig.  20.    One-Wire  Cleat. 


Fig.  21.       Porcelain  Insulator    for 
Large  Conductors. 


tors  is  at  least  2^  inches  in  a  two-wire  system,  and  2i  inches 
between  the  two  outside  conductors  in  a  three-wire  system  where  the 
potential  between  the  outside  conductors  is  not  over  300  volts.  The 
cleat  must  hold  the  wire  at  least  one-half  inch  from  the  surface  to  which 
the  cleat  is  fastened;  and  in  damp  places  the  wire  must  be  held  at 
least  one  inch  from  the  surface  wired  over.     For  larger  conductors, 
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fn)m  No.  0  to  No.  4  /  0  B.  &  S.  Gauge,  it  is  usual  to  use  single  porcelain 
cleats  or  knobs.     Figs.  19  and  20  show  a  good  form  of  two-wire 


J    ^    A 


Pig.  22.    Iron  Rack  and  Insulators  for  Large  Conductors. 

Courtesy  of  General  Electric  Co.,  Schenectady,  N.  Y. 


cleat  and  single-wire  cleat,  respectively. 

For  large  feeder  or  main  conductors 
from  No.  4/0  B.  &  S.  Gauge  upward,  a 
more  substantial  form  of  porcelain  insu- 
lator should  be  used,  such  as  shown  in 
Fig.  21.  These  insulators  are  held  in 
iron  racks  or  angle-iron  frames,  of  which 
two  forms  are  shown  in  Figs.  22  and  23. 
The  latter  form  of  rack  is  particularly  de- 
sirable for  heavy  conductors  and  where  a 
number  of  conductors  are  run  together. 
In  this  form  of  rack,  any  length  of  con- 
ductor can  be  removed  without  disturb- 
ing the  other  conductors. 

As  a  rule,  the  porcelain  insulators 
should  be  placed  not  rhore  than  4J  feet 
apart;  and  if  the  wires  are  liable  to  be 
disturbed,  the  distance  between  supports 
should  be  shortened,  particularly  for  small 
conductors.  If  the  beams  are  so  far 
apart  that  supports  cannot  be  obtained 
every  4i  feet,  it  is  necessary  to  provide  a 
nmning  board  as  shown  in  Fig.  24,  to 
which  the  porcelain  cleats  and  knobs 
can  l)e  fastened.  Figs.  25  and  26  show 
two  methfxls  of  supporting  small  con- 
ductors.  For  conductors  of  No.  8  B.  &  S. 
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Fig,  23.    Elevation  and  Plan  of 
Insulators  Held  in  Angle- 
Iron  Frames. 
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Gauge,  or  over,  it  is  not  necessary  to  break  around  the  beams,  provided 
they  are  not  liable  to  be  disturbed ;  but  the  supports  maybe  placed  on 
each  beam. 

Where  the  dis- 
tance between  the 
supports,  however, 
is  greater  than  4J 
feet,  it  is  usually 
necessary' to  provide 

mtermediate  sup-  Fig.  24.  insulators  Mour  ted  on  Ruuning-Board  across  wide- 
ports,    as   shown    in  spaced  Beams. 

Fig.  27,  or  else  to  provide  a  running-board.  Another  method  which 
may  be  used,   where   beams   are   further   than  4 J  feet   apart,  is  to 

i  — 


Fig.  25.    Method  of  Supporting  Small  Conductors. 
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Fig.  27.    Intermediate  Support  for  Conductor  between  Wide-Spaced  Beams. 

nm  a  main  along  the  wall  at  right  angles  to  the  beams,  and  to 
have  the  individual  circuits  nm  between  and  parallel  to  the  beams. 


Fig.  26.    Method  of  Supporting  a  Small 
Conductor. 


Fig.  28.    Conductors  Protected  by  Wooden 
Guard  Strips  on  Low  Ceiling. 


In  low-ceiling  rooms,  where  the  conductors  are  liable  to  injury, 
it  is  usually  required  that  a  wooden  guard  strip  be  placed  on  each  side 
of  the  conductors,  as  shown  in  Fig.  28. 

'    WTiere  the  conductors  pass  through  partitions  or  walls,  they  must 


141 


20  ELECTHIC  WIRING 


1)0  protecttnl  by  porcelain  tubes,  or,  if  the  conductors  be  of  rubber,  by 
means  of  fibrous  tubing  placed  inside  of  iron  conduits. 

All  conductors  on  the  walls  for  a  height  of  not  less  than  six  feet 
from  the  ground,  either  should  be  boxed  in,  or,  if  they  be  rubber-covered, 
should  (preferably)  be  run  in  iron  conduits;  and  in  conductors  having 
single  bniid  only,  additional  protection  should  be  provided  bymeans  of 
flexible  tubing  placed  inside  of  the  iron  conduit. 

Where  conductors  cross  each  other,  or  where  they  cross  iron  pipes, 
they  shoidd  be  protected  by  means  of  porcelain  tubes  fastened  with 
tape  or  in  some  other  substantial  manner  that  will  prevent  the  tubes 
from  slipping  out  of  place. 

TWO«WIRE  AND  THREE=WIRE  SYSTEMS 

As  lK)tli  the  two-wire  and  the  three-wire  system  are  extensively 
use<l  in  electric  wiring,  it  will  be  well  to  give  some  consideration  to  the 
advantages  and  disadvantages  of  each  system,  and  to  explain  them 
somewhat  in  detail. 

Relative  Advantages.  The  choice  of  either  a  two-wire  or  a  three- 
wire  system  depends  largely  upon  the  source  of  supply.  If,  for  ex- 
ample, the  source  of  supply  will  always  probably  be  a  120-volt,  two- 
wire  system,  there  would  be  no  object  in  installing  a  three-wire  system 
for  the  wiring.  If,  on  the  other  hand,  the  source  of  supply  is  a  1 20- 
240-volt  system,  the  wiring  should,  of  course,  be  made  three-wire. 
Furthermore,  if  at  the  outset  the  supply  were  two-wire,  but  with  a  pos- 
sibility of  a  three-wire  system  being  provided  later,  it  would  be  well 
to  adapt  the  electric  wiring  for  the  three-wire  system,  making  the 
neutral  conductor  twice  as  large  as  either  of  the  outside  conductors, 
and  combining  the  two  outside  conductors  to  make  a  single  conductor 
until  such  time  as  the  three-wire  service  is  installed.  Of  course,  there 
would  be  no  saving  of  copper  in  this  last-mentioned  three-wire  system, 
and  in  fact  it  would  be  slightly  more  expensive  than  a  two-wire  system, 
as  will  be  shortly  explained. 

The  object  of  the  three-wire  system  is  to  reduce  the  amount  of 
copper — and  consequently  the  cost  of  wiring — necessary  to  transmit  a 
given  amount  of  electric  power.  As  a  rule,  the  proposition  is  usually 
one  of  lighting  and  not  of  power,  for  the  reason  that  by  means  of  the 
three-wire  system  we  are  able  to  increase  the  potential  at  which  the 
vurrent  is  transmitted,  and  at  the  same  time  to  take  advantage  of  the 
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greater  efficiency  of  the  lower  voltage  lamp.  If  current  for  power 
(motors,  etc.)  only  were  to  be  transmitted,  it  would  be  a  simple  matter 
to  wind  the  motors,  etc.,  for  a  higher  voltage,  and  thereby  reduce  the 
weight  of  copper. 
If,  however,  we  in- 
crease the  voltage 
of  lamps,  we  find 
tliat  they  are  not  so 
efficient,  nor  is  their 

life  so   lonsr.      With    ^^S-  29.    TUree-Wlre  System,  with  Neutral  Conductor  betweeu 
^*  the  Two  Outside  Conductors. 

the  standard  carbon 

lamp,  it  has  been  found  that  the  240-volt  lamp,  with  the  same 
life,  requires  about  10  to  12  per  cent  more  current  than  the  cor- 
responding 120-volt  lamp.  Furthermore,  in  the  case  of  the  more 
efficient  lamps  recently  introduced  (such  as  the  Tantalum  lamp. 
Tungsten  lamp,  etc.),  it  has  been  found  impracticable,  if  not  impos- 
sible, to  make  them  for  pressures  above  125  volts.  For  this  reason 
the  three-wire  system  is  employed,  for  by  this  method  we  can  use  240 
volts  across  the  outside  conductors,  and  by  the  use  of  a  neutral  con- 
ductor obtain  120  volts  between  the  neutral  and  the  outside  conductor, 
and  thereby  be  enabled  to  use  120-volt  lamps.  Furthermore,  if  a 
240-vplt  lamp  should  ever  be  placed  on  the  market  that  was  as  economi- 
cal as  the  lower  voltage  lamp,  the  result  would  be  that  the  240-480- 
volt  system  would  be  introchiced,  and  240-volt  lamps  used.     As  a 

f 1  matter  of  fact,  this 

X.  X  has    been    tried    in 

^         ^  several   cities — and 

particularly  in 

Providence,  Rhode 

Island.     As  a  nde. 
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Fig.  30.    Lamps  Arranged  in  Pairs  in  Series,  Dispensing  with      howCVer,    the     120- 
Necessity  for  Third  or  Neutral  Conductor. 

volt  lamp  has  been 
found  so  much  more  satisfactory  as  regards  life,  efficiency,  etc.,  that 
it  is  nearly  always  employed. 

The  two-wire  system  is  so  extremely  simple  that  no  explanation 
whatever  is  required  concerning  it. 

The  three-wire  system,  howevci',  is  ^somewhat  confusing,  and 
will  now  be  considered. 
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Details  of  Three-Wire  System.  Tlie  three-wire  system  may  be 
c-onsidered  as  a  two-wire  system  with  a  third  or  neutral  conductor 
placed  between  the  two  outside  conductors,  as  shown  in  Fig.  29. 
This  neutral  conductor  would  not  be  required  if  we  could  always  have 
the  lamps  arranged  in  pairs,  as  shown  in  Fig.  30.  In  this  case,  the 
two  lamps  would  bum  in  series,  and  we  could  transmit  the  current 
at  double  the  usual  voltage,  and  thereby  supply  twice  the  number  of 
lamps  with  one-quarter  the  weight  of  copper,  allowing  the  same  loss 
in  pressure  in  the  lamps.  The  reason  for  this  is,  that,  having  the 
lamps  arranged  in  series. of  pairs,  we  reduce  the  current  to  one-half, 
and,  as  the  pressure  at  which  the  current  is  transmitted  is  doubled, 
we  can  again  reduce  the  copper  one-half  without  increasing  the  loss 
in  lamps.  We  therefore  see  that  we  have  a  double  saving,  as  the  cur- 
rent is  reduced  one-half,  which  reduces  the  weight  of  copper  one-half, 
and  we  can  again  reduce  the  copper  one-half  by  doubling  the  loss  in 
volts  without  increasing  the  percentage  loss.  For  example,  if  in  one 
case  we  had  a  straight  two-wire  system  transmitting  current  to  100 
lamps  at  a  potential  of  100  volts,  and  this  system  were  replaced  by  one 
in  which  the  lamps  were  placed  in  series  of  pairs,  as  shown  in  Fig.  30, 
and  the  potential  increased  to  200  volts — 100  lamps  still  being  used — 
we  should  find,  in  the  latter  case,  that  we  were  carrj^ing  current  really 
for  only  50  lamps,  as  we  would  require  only  the  same  amount  of  cur- 
rent for  two  lamps  now  that  we  required  for  one  lamp  before.  Fur- 
thermore, as  the  potential  would  now  be  200  instead  of  100  volts, 
we  could  allow  twice  as  much  loss  as  in  the  first  case,  because  the  loss 
would  now  be  figured  as  a  percentage  of  200  volts  instead  of  a  percent- 
age of  100  volts.  From  this,  it  will  readily  be  seen  that  in  the  second 
case  mentioned,  we  would  require  only  one-quarter  the  weight  of 
chopper  that  would  be  required  in  the  first  case. 

It  will  readily  be  seen,  however,  ^at  a  system  such  as  that  out- 
lined in  the  second  scheme  having  two  lamps,  would  be  impracticable 
for  orrlinary  purposes,  for  the  reason  that  it  would  always  require  the 
lamps  to  be  burned  in  pairs.  Now,  it  is  for  this  very  reason  that  the 
tl'.ird  or  neutral  conductor  is  required ;  and,  if  this  conductor  be  added , 
it  will  no  longer  be  necessary  to  bum  the  lamps  in  pairs.  This,  then, 
is  the  object  of  the  three-wire  system — to  enable  us  to  reduce  the 
amount  of  copper  required  for  transmitting  current,  without  increasing 
the  electric  pressure  employed  for  the  lamps. 
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With  regard  to  the  size  of  the  neutral  conductor,  one  important 
point  must  be  borne  in  mind ;  and  that  is,  that  the  Rules  of  the  J^ational 
Electric  Code  require  the  neutral  conductor  in  all  interior  wiring  to  be 
made  at  least  as  large  as  either  of  the  two  outside  conductors.  The 
reasons  for  this  from  a  fire  standpoint  are  obvious,  because,  if  for 
•any  reason  either  of  the  outside  conductors  became  disconnected,  the 
neutral  wire  might  be  required  to  carry  the  same  current  as  the  out- 
side conductors,  and  therefore  it  should  be  of  the  same  capacity.  Of 
course,  the  chances  of  such  an  event  happening  are  slight;  but,  as 
the  fire  hazard  is  all-important,  this  rule  must  be  complied  with  for 
interior  wiring  or  in  all  cases  where  there  would  be  a  probability  of 
fire.  For  outside  or  underground  work,  however,  where  the  fire 
hazard  would'  be  relatively  unimportant,  the  neutral  conductor  might 
be  reduced  in  size;  and,  as  a  matter  of  fact,  it  is  made  smaller  than 
the  outside  conductors. 

The  three-wire  system  is  sometimes  installed  where  it  is  desired 
to  use  the  system  as  a  two-wire,  125-volt  system,  or  to  have  it  arranged 
so  that  it  may  be  used  at  any  time  also  as  a  three-wire,  125-250-volt 
system.  Of  course,  in  order  to  do  this,  it  is  necessary  to  make  the 
neutral  conductor  equal  to  the  combined  capacity  of  the  outside  con- 
ductors, the  latter  being  then  connected  together  to  form  one  con- 
ductor, the  neutral  being  the  return  conductor.  This  system  is  not 
recommended  except  in  such  instances,  for  example,  as  where  an 
isolated  plant  of  125  volts  is  installed,  and  where  there  is  a  possibility 
of  changing  over  at  some  future  time  to  the  three-wire,  125-250-volt 
system.  In  such  a  case  as  this,  however,  it  would  be  better,  where 
possible,  to  design  the  isolated  plant  for  a  three-wire,  125-250-volt 
system  originally,  and  then  to  make  the  neutral  conductor  the  same 
size  as  each  of  the  two  outside  conductors. 

The  weight  of  copper  required  in  a  three-wire  system  where  the 
neutral  conductor  is  the  same  size  as  either  of  the  two  outside  conduct- 
ors, is  f  of  that  required  for  a  corresponding  two-wire  system  using 
the  same  voltage  of  lamps.*  It  is  obvious  that  this  is  true,  because, 

*NoTE. — If.  in  the  two-wire  system,  we  represent  the  weight  of  each  of  the  two  con- 
ductors by  i.  the  weight  of  each  of  the  outside  conductors  in  a  three-wire  system  would 
be  represented  by  i,  and  if  we  liad  three  conductors  of  the  same  size,  we  would  have 
l  +  i  +  i  =  iof  the  weight  of  copper  required  in  a  three-wire  system,  which  would  be 
required  in  a  corresponding  two-wire  system  having  the  same  percentage  of  loss  and 
using  the  same  voltage  of  lamps. 

If  the  neutral  amductor  were  made  i  of  the  size  of  each  of  the  outside  conductors, 
i'-  is  sometimes  done  in  underground  work,  the  total  weight  of  copper  required  would  bo 
i  f-  i  f  1  e  -I's  of  that  required  in  the  corresponding  two-wire  system. 
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as  tlie  discussion  proved  concerning  the  arrangement  shown  in  Fig. 
30,  where  the  lamps  were  placed  in  series  of  pairs,  we  found  that  the 
weight  of  copper  for  the  two  conductors  was  one-quarter  the  weight 
of  the  regular  two-wire  system.  It  is  then  of  course  true,  that,  if  we 
had  another  conductor  of  the  same  size  as  each  of  the  outside  conduct- 
ors, we  increase  theweight  of  copper  one-half,  or  one-quarter  plus 
one-half  of  one-quarter — that  is,  three-eighths. 

In  the  three-wire  system  frequently  used  in  isolated  plants  in 
which  the  two  outside  conductors  are  joined  together  and  the  neutral 
conductor  made  equal  to  their  combined  capacity,  there  is  no  saving 
of  copper,  for  the  reason  that  the  same  voltage  of  transmission  is  used, 
and,  consequently,  we  have  neither  reduced  the  current  nor  increased 
the  potential.  Furthermore,  though  the  weight  of  copper  is  the  same, 
it  is  now  divided  into  three  conductors,  instead  of  two,  and  naturally 
it  costs  relatively  more  to  insulate  and  manufacture  three  conductors 
than  to  insulate  and  manufacture  two  conductors  having  the  same 
total  weight  of  copper.  As  a  matter  of  fact,  the  three-wire  system, 
having  the  neutral  conductor  equal  to  the  combined  capacity  of  the 
two  outside  ones,  the  latter  being  joined  together,  is  about  8  to  10 
per  cent  more  expensive  than  the  corresponding  straight  two-wire 
system. 

In  interior  wiring,  as  a  rule,  where  the  three-wire  system  is  used 
for  the  mains  and  feeders,  the  two-wire  system  is  nearly  always  em- 
ployed for  the  branch  circuits.  Of  course,  the  two-wire  branch  cir- 
cuits are  then  balanced  on  each  side  of  the  three-wire  system,  so  as  to 
obtain  as  far  as  possible  at  all  times  an  equal  balance  on  the  two  sides 
of  the  system.  This  is  done  so  as  to  have  the  neutral  conductor  carry 
as  little  current  as  possible.  From  what  has  already  been  said,  it  is 
obvious  that  in  case  there  is  a  perfect  balance,  the  lamps  are  virtually 
in  series  of  pairs,  and  the  neutral  conductor  does  not  carry  any  current. 
Where  there  is  an  unbalanced  condition,  the  neutral  conductor  carries 
the  difference  between  the  current  on  one  side  and  the  current  on  the 
other  side  of  the  system.  For  example,  if  we  had  five  lamps  on  one 
side  of  the  system  and  ten  lamps  on  the  other,  the  neutral  conductor 
would  carry  the  current  corresponding  to  five  lamps. 

In  calculating  the  three-wire  system,  the  ncutnd  conductor  is 
disregarded,  tlic  outer  wires  being  treated  as  a  two-wire  circuit,  and 
the  calculation  is  for  one-half  the  total  number  of  lamps,  the  per- 
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centage  of  loss  being  based  on  the  potential  across  the  two  outside 
conductors. 

The  three-wire  system  is  very  generally  employed  in  alternating- 
current  secondary  wiring,  as  nearly  all  transformers  are  built  with 
three-wire  connections. 

While  unbalancing  will  not  affect  the  total  loss  in  the  outside 
conductors,  yet  it  does  affect  the  loss  in  the  lamps,  for  the  reason  that 
the  system  is  usually  calculated  on  the  basis  of  a  perfect  balance,  and 
the  loss  is  divided  equally  between  the  two  lamps  (the  latter  being 
considered  in  series  of  pairs).  If,  however,  there  is  unbalancing  to 
a  great  degree,  the  loss  in  lamps  will  be  increased ;  and  if  the  entire 
load  is  thrown  over  on  one  side,  the  loss  in  the  lamps  will  be  doubled 
on  the  remaining  side,  because  the  total  loss  in  voltage  will  now  occur 
in  these  lamps,  whereas,  in  the  case  of  perfect  balance,  it  would  be 
equally  divided  between  the  two  groups  of  lamps. 

CALCULATION  OF  SIZES  OF  CONDUCTORS 

The  formula  for  calculating  the  sizes  of  conductors  for  direct 
currents,  where  the  length,  load,  and  loss  in  volts  are  given,  is  as  fol- 
lows : 

The  size  of  conductor  (in  circular  mils)  is  equal  to  the  current  multiplied 
by  the  distance  (one  way),  multiplied  by  21.6,  divided  by  the  loss  in  volts;  or, 

CM  =  ^  X  Y  ^'-^ (1) 

in  which  C  =  Current,  in  amperes; 

D  =  Distance  or  length  of  the  circuit  (one  way,  in  feet) ; 

V  =  Loss  in  volts  between  the  beginning  and  end  of  the  circuit. 

The  constant  (21.6)  of  this  formula  is  derived  from  the  resistance 
of  a  mil  foot  of  wire  of  OS  per  cent  conductivity  at  25°  Centigrade  or 
77°  Fahrenheit.  The  resistance  of  a  conductor  of  one  mil  diam- 
eter and  one  foot  long,  is  10.8  at  the  temperature  and  conduc- 
tivity named.  W^e  multiply  this  figure  (10.8)  by  2,  as  the  length  of  a 
circuit  is  usually  given  as  the  distance  one  way,  and  in  order  to  obtain 
the  resistance  of  both  conductors  in  a  two-wire  circuit,  we  must 
multiply  by  2.  The  formula  as  above  given,  therefore,  is  for  a  tw^o- 
wire  circuit;  and  in  calculating  the  size  of  conductors  in  a  three-wire 
system,  the  calculation  should  be  made  on  a  two-wire  basis,  as  ex-^ 
plained  hereinafter. 
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Formula  I  can  be  transformed  so  as  to  obtain  the  loss  in  a  given 
circuit,  or  the  current  which  may  be  carried  a  given  distance  with  a 
stated  loss,  or  to  obtain  the  distance  when  the  other  factors  are  given, 
in  the  following  manner: 

Formula  for  Calculating  Loss  in  Circuit  when  Size,  Current,  and  Distance   are  Qiven 

CX^X2L6  ,^x 

^  -      CM      y^^) 

PormuUi  tor  Calculating  Current  which  may  be  Carried  by  a  Oiven  Circuit  of  Specified 
Length,  and  with  a  Specified  Loss 

^-   DX  21.6 W; 

Formula  for  Calculating  Length  of  Circuit  when  Size,  Loss,  and  Current  to  be  Carried 

are  Qiven 

CM  X  V  /  .X 

°=  ex  21.6 (4) 

Formulfc  are  frequently  given  for  calculating  sizes  of  conductors, 
etc.,  where  the  load,  instead  of  being  given  in  amperes,  is  stated  in 
lamps  or  in  horse-power.  It  is  usually  advisable,  however,  to  reduce 
the  load  to  amperes,  as  the  efficiency  of  lamps  and  motors  is  a  variable 
(quantity,  and  the  current  varies  correspondingly. 

It  is  sometimes  convenient,  however,  to  make  the  calculation 
in  terms  of  watts.  It  will  readily  be  seen  that  we  can  obtain  a  formula 
expressed  in  watts  from  Formula  1.  To  do  this,  it  is  advisable  to 
express  the  loss  in  volts  in  percentage,  instead  of  actual  volts  lost.  It 
must  be  remembered  that,  in  the  above  formulae,  V  represents  the 
volts  lost  in  the  circuit,  or,  in  other  words,  the  difference  in  potential 
between  the  beginning  and  the  end  of  the  circuit,  and  is  not  the 
jjpplied  E,  M.  F.  The  loss  in  percentage,  in  any  circuit,  is  equal  to 
the  actual  loss  expressed  in  volts,  divided  by  the  line  voltage,  multiplied 
by  100;  or. 


P  =  ^X  100. 


From  this  e(juation,  we  have: 


100 

If,  for  example,  the  calculation  is  to  be  made  on  a  loss  of  5  per  cent, 

with  an  applied  voltage  of  250,  using  this  last  equation,  we  would  have : 

,,        5  X  250       ^  _  ^     ,^ 
V  =  — -— r —  =  12.5  volts. 
lUO 

P  E   . 
ijubstituting  the  equation      t^=    .7^  i"  Formula  1 ,  we  have: 
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CM 


C  X  Dx  2i.r, 

P  E 

100 

C  X   D  X  21.6  X 

100 

PE 

C  X  D  X  2,160 

P  E 
This  equation    it  should  be  remembered,  is  expressed  in  terms  of 
appHed  voltage.     Now,  since  the  power  in  watts  is  equal  to  the  applietl 
voltage  multiplied  by  the  current  {W  =  EC),  it  follows  that 

By  substituting  this  value  of  C  in  the  equation  given  above  [C  M-= 
^ — I  ,  the  formula  is  expressed  in  terms  of  watts  instead 

of  current,  thus: 

^,,        T^'  X  D  X  2,160  ,c\ 

in  wliich  TF  =  Power  in  watts  transmitted; 

J)   —  Length  of  the  circuit  (one  way) — that  is,  the  length  of  one 

conductor; 
P  =  Figure  representing  the  percentage  loss; 
E*=  AppUed  voltage. 

All  the  above  formulae  are  for  calculations  of  two-wire  circuits. 
In  making  calculations  for  three-wire  circuits,  it  is  usual  to  make  the 
calculation  on  the  basis  of  the  two  outside  conductors;  and  in  three 
wire  calculations,  the  above  formulae  can  be  used  with  a  slight  modifi- 
cation, as  will  l)e  shown. 

In  a  three-wire  circuit,  it  is  usually  assumed  in  making  the  cal- 
culation, that  the  load  is  equally  balanced  on  the  two  sides  of  the 
neutral  conductor;  and,  as  the  potential  across  the  outside  conductors 
is  double  that  of  the  corresponding  potential  across  a  two-wire  circuit, 
it  is  evident  that  for  the  same  size  of  conductor  the  total  loss  in  volts 
could  be  doubled  without  increasing  the  percentage  of  loss  in  lamps. 
Furthermore,  as  the  load  on  one  side  of  the  neutral  conductor,  when 
the  system  is  balanced,  is  virtually  in  series  with  the  load  on  the 
third  side,  the  current  in  amperes  is  usually  one-half  the  sum  of  the 
current  required  by  all  the  lamps.     If  C  be  still  taken  as  the  total 


♦Note.     Remember  that  V  in  Formulae  1  to  4  represents  the  volts  lost,  but  that 
E  In  FormxUa  5  represents  the  applied  voltage. 
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current  in  nmperes  (that  is,  the  sum  of  the  current  required  by  all  of 
the  lamps)  in  Formula  1,  we  shall  have  to  divide  this  current  by  2, 
to  use  the  formula  for  calculating  the  two  outside  conductors  for  a 
three-wire  system.  Furthermore,  we  shfdl  have  to  multiply  the 
voltage  lost  in  the  himps  by  2,  to  obtain  the  voltage  lost  in  the  two  out- 
side conductors,  for  the  reason  that  the  potential  of  the  outside  con- 
ductors is  double  the  potential  required  by  the  lamps  themselves. 
In  other  words,  Formula  1  will  become: 

^,.      CXDX  21.6 
^^  =  2-XV'x2-- 

_  CXDX  21.6  /^N 

~        Iv        ' v"^ 

in  which  C  =  Sum  of  current  required  by  all  of  the  lamps  on  both  sides  of 

the  neutral  conductor; 
D  =  Length  of  circuit — that  is,  of  any  one  of  the  three  conductors; 
V  =  Loss  allowed  in  the  lamps,  i.  e.,  one-hal^  the  total  loss  in  the 

two  outside  conductors. 

In  the  same  manner,  all  of  the  other  formulae  m.ay  be  adapted  for 
making  calculations  for  three-wire  systems.  Of  course  the  calcula- 
tion of  a  three-wire  system  could  be  made  as  if  it  were  a  two-wire 
system,  by  taking  one-half  the  total  number  of  lamps  supplied,  at 
one-half  the  voltage  between  the  outside  conductors. 

It  is  understoo<l,  of  course,  that  the  size  of  the  conductor  in 
Formula  6  is  the  size  of  each  of  the  two  outs  de  ones;  but,  inasmuch 
as  the  Rules  of  the  National  Electric  Code  require  that  for  interior 
wiring  the  neutral  conductor  shall  be  at  least  equal  in  size  to  the  outside 
conductors,  it  is  not  necessary  to  calculate  the  size  of  the  neutral 
conductor.  It  must  be  remembered,  however,  that,  in  a  three-wire 
system  where  the  neutral  conductor  is  made  equal  in  capacity  to  the 
combined  size  of  the  two  outside  conductors,  and  where  the  two 
outside  conductors  are  joined  together,  we  have  virtually  a  two-wire 
system  arranged  so  that  it  can  be  converted  into  a  three-wire  system 
later.  In  this  case  the  calculation  is  exactly  the  same  as  in  the  case 
of  the  two-wire  circuits,  except  that  one  of  the  two  conductors  is  split 
into  two  smaller  wires  of  the  same  capacity.  This  is  frequently  done 
where  isolated  plants  are  installed,  and  where  the  generators  are  wound 
for  125  volts  Jind  it  may  be  desired  at  times  to  take  current  from  an 
outside  three-wire  125-250-volt  system. 
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METHOD  OF  PLANNING  A  WIRING 
INSTALLATION 

The  first  step  in  planning  a  wiring  installation,  is  to  gather  all 
the  data  which  will  affect  either  directly  or  indirectly  the  system  of 
wiring  and  the  manner  in  which  the  conductors  are  to  be  installed. 
These  data  will  include:  Kind  of  building;  construction  of  building; 
space  available  for  conductors;  source  and  system  of  electric-current 
supply;  and  all  details  which  will  determine  the  method  of  wiring 
to  be  employed.  These  last  items  materially  affect  the  cost  of  the 
work,  and  are  usually  determined  by  the  character  of  the  building 
and  {)y  commercial  considerations. 

Method  of  Wiring.  In  a  mcKiern  fireproof  building,  the  only 
system  of  wiring  to  be  recommended  is  that  in  which  the  conductors 
are  installed  in  rigid  conduits;  although,  even  in  such  cases,  it  may  be 
desirable,  and  economy  may  be  effected  thereby,  to  install  the  larger 
fee<ler  and  main  conductors  exposed  on  insulators  using  weatherproof 
slow-burning  wire.  This  latter  metlKxl  should  be  used,  however, 
only  where  there  is  a  convenient  runway  for  the  conductors,  so  that 
they  will  not  be  crowded  and  will  not  cross  pipes,  ducts,  etc.,  and 
also  will  not  have  too  many  bends.  Also,  the  local  inspection  authori- 
ties should  l)e  consulted  l^efore  using  this  method. 

For  mills,  factories,  etc.,  wires  exposed  on  cleats  or  insulators 
are  usually  to  be  recommended,  although  rigid  conduit,  flexible  con- 
duit, or  armored  cable  may  be  desirable. 

In  finished  buildings,  and  for  extensions  of  existing  outlets, 
where  the  wiring  could  not  readily  or  conveniently  be  concealed, 
moulding  is  generally  used,  particularly  where  cleat  wiring  or  other 
exposed  methods  of  wiring  would  be  objectionable.  However,  as 
has  already  been  said,  moulding  should  not  be  employed  where  there 
is  any  liability  to  dampness. 

In  finished  buildings,  particularly  where  they  are  of  frame  con- 
struction, flexible  steel  conduits  or  armored  cable  are  to  be  recom- 
mended. 

While  in  new  buildings  of  frame  construction,  knob  and  tube 
wiring  are  frequently  employed,  this  method  should  be  used  only 
where  the  (juestion  of  first  cost  is  of  prime  importance.  While  armored 
cable  will  cost  approximately  50  to  100  per  cent  more  than  knob  and 
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tube  wiring,  the  former  method  is  so  much  more  permanent  and  is 
so  mucli  safer  that  it  is  strongly  recommendetl. 

Systems  of  Wiring.  The  system  of  wiring — that  is,  whether 
the  two-wire  or  the  three-wire  system  shall  be  used — is  usually  deter- 
mined by  the  source  of  supply.  If  the  source  of  supply  is  an  isolated 
plant,  with  simple  two-wire  generators,  and  with  little  possibility 
of  current  being  taken  from  the  outside  at  some  future  time,  the 
wiring  in  the  building  should  be  laid  out  on  the  two-wire  system.  If, 
on  the  other  hand,  the  isolated  plant  is  three-wire  (having  three-wire 
generators,  or  two-wire  generators  with  balancer  sets),  or  if  the  cur- 
rent is  taken  from  an  outside  source,  the  wiring  in  the  building  should 
he  laid  out  on  a  three-wire  system. 

It  very  seldom  happens  that  current  supply  from  a  central  station 
is  arranged  with  other  than  the  three-wire  system  inside  of  buildings, 
because,  if  the  outside  supply  is  alternating  current,  the  transformers 
are  usually  adapted  for  a  three-wire  system.  For  small  buildings, 
on  the  other  hand,  where  there  are  only  a  few  lights  and  where  there 
would  be  only  one  feeder,  the  two-wire  system  is  used.  As  a  rule, 
however,  when  the  current  is  taken  from  an  outside  source,  it  is  best 
to  consult  the  engineer  of  the  central  station  supplymg  the  current, 
and  to  conform  with  his  wishes.  As  a  matter  of  fact,  this  should  be 
done  in  any  event,  in  order  to  ascertain  the  proper  voltage  for  the 
lamps  and  for  the  motors,  and  also  to  ascertain  whether  the  central 
station  will  supply  transformers,  meters,  and  lamps — for,  if  these 
are  not  thus  supplied,  they  should  be  included  in  the  contract  for  the 
wiring. 

Location  of  Outlets.  It  is  not  within  the  scope  of  this  treatise 
to  discuss-  the  matter  of  illumination,  but  it  is  desirable,  at  this  point, 
to  outline  briefly  the  method  of  procedure. 

A  set  of  plans,  including  elevation  and  details,  if  any,  and  show- 
ing decorative  treatment  of  the  various  rooms,  should  be  obtained 
from  the  Architect.  A  careful  study  should  then  be  made  by  the 
Architect,  the  Owner,  and  the  Engineer,  or  some  other  person  qualified 
to  make  recommendations  as  to  illumination.  The  location  of  the 
outlets  will  depend:  First,  upon  the  decorative  treatment  of  the 
r(K)m,  which  determines  the  jcsthetic  and  architectural  effects;  second, 
upon  the  type  and  general  form  of  fixtures  to  be  used,  which  shoula 
be  previoui^}'  decided  on;  third,  upon  the  tastes  of  the  owners  or 
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occupants  in  regard  to  illumination  in  general,  as  it  is  found  that 
tastes  vary  widely  in  regard  to  amount  and  kind  of  illumination. 

The  location  of  the  outlets,  and  the  number  of  lights  required 
at  each,  having  been  determined,  the  outlets  should  be  marked  on 
the  plans. 

The  Architect  should  then  be  consulted  as  to  the  location  of  the 
centers  of  distribution,  the  available  points  for  the  risers  or  feeders, 
and  the  available  space  for  the  branch  circuit  conductors. 

In  regard  to  the  rising  joints  for  the  feeders  and  mains,  the  fol- 
lowing precautions  should  be  used  in  selecting  chases: 

1.  The  space  should  be  amply  large  to  accommodate  all  the  feeders  and 
mains  likely  to  rise  at  that  given  point.  This  seems  trite  and  unnecessary, 
but  it  is  the  most  usual  trouble  with  chases  for  risers.  Formerly  architects 
and  builders  paid  little  attention  to  the  requirements  for  chases  for  electrical 
work;  but  in  these  later  days  of  2-inch  and  2i-inch  conduit,  they  realize  that 
these  pipes  are  not  so  invisible  and  mysterious  as  the  force  they  serve  to  dis- 
tribute, particularly  when  twenty  or  more  such  conduits  must  be  stowed  away 
in  a  building  where  no  special  provision  has  been  made  for  them. 

2.  If  possible,  the  space  should  be  devoted  solely  to  electric  wiring. 
Steam  pipes  are  objectionable  on  account  of  their  temperature;  and  these  and 
all  other  pipes  are  objectionable  in  the  same  space  occupied  by  the  electrical 
conduits,  for  if  the  space  proves  too  small^  the  electric  conduits  are  the  first  to 
be  crowded  out. 

The  chase,  if  possible,  should  be  continuous  from  the  cellar  to  the  roof, 
or  as  far  as  needed.  This  is  necessary  in  order  to  avoid  unnecessary  bends  or 
elbows,  which  are  objectionable  for  many  reasons. 

In  similar  manner,  the  location  of  cut-out  cabinets  or  distributing 

centers  should  fulfil  the  following  requirements: 

1.  They  should  be  accessible  at  all  times. 

2.  They  should  be  placed  sufficiently  close  together  to  prevent  the  cir- 
cuits from  being  too  long. 

3.  Do  not  place  them  in  too  prominent  a  position,  as  that  is  objectionable 
from  the  Architect's  point  of  view. 

4.  They  should  be  placed  as  near  as  possible  to  the  rising  chases,  in 
order  to  shorten  the  feeders  and  mains  supplying  them. 

Having  determined  the  system  and  method  of  wiring,  the  location 
of  outlets  and  distributing  centers,  the  next  step  is  to  lay  out  the  branch 
circuits  supplying  the  various  outlets. 

Before  starting  to  lay  out  the  branch  circuits,  a  drawing  showing 
the  floor  construction,  and  showing  the  space  between  the  top  of  the 
beams  and  girders  and  the  flooring,  should  be  obtained  from  the  Archi- 
tect. *In  ^  ")Tooi  buildings  of  iron  or  steel  construction,  it  is  almost 
the  invariable  practice,  where  the  work  is  to  be  concealed,  to  run  the 
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conduits  over  the  beams,  under  the  rough  flooring,  carrying  them 
lietween  the  sleepers  when  running  parallel  to  the  sleepers,  and  notch- 
ing the  latter  when  the  conduits  run  across  them  (see  Fig.  31).  In 
wooden  frame  buildings,  the  conduits  run  parallel  to  the  beams  and 
to. the  furring  (see  Fig.  32);  they  are  also  sometimes  run  below  the 

Finished  Floors 


Fig.  31.    Running  Conductoi's  Concealed  under  Floor  in  Fireproof  Buildlnp- 

])eams.  In  the  latter  case  the  beams  have  to  be  notched,  and  this  is 
allowable  only  in  certain  places,  usually  near  the  points  where  the 
l)eams  are  supported.  The  Architect's  drawing  is  therefore  necessary 
in  order  that  the  location  and  course  of  the  conduits  may  be  indicated 
on  the  plans. 

The  first  consideration  in  laying  out  the  branch  circuit  is  the 
nvmber  of  outlets  and  number  of  lights  to  be  wired  on  any  one  branch 
circuit.  The  Rules  of  the  National  Electric  Code  (Rule  21-D)  require 
that  **no  set  of  incandescent  lamps  requiring  more  than  660  watts, 
whether  grouped  on  one  fixture  or  on  several  fixtures  or  pendants, 
will  be  dependent  on  one  cut-out."  While  it  would  be  possible  to 
have  branch  circuits  supplying  more  than  660  watts,  by  placing  various 
cut-outs  at  different  points  along  the  route  of  the  branch  circuit,  so 
as  to  subdivide  it  into  small  sections  to  comply  with  the  rule,  this 
method  is  not  recommended,  except  in  certain  cases,  for  exposed  wiring 
in  factories  or  mills.  As  a  rule,  the  proper  method  is  to  have  the 
cut-outs  located  at  the  center  of  distribution,  and  to  limit  each  branch 
circuit  to  660  watts,  which  corresponds  to  twelve  or  thirteen  50-watt 
lamps,  twelve  being  the  usual  limit.  Attention  is  called  to  the  fact 
that  the  inspectors  usually  allow  50  watts  for  each  socket  connected 
to  a  branch  circuit;  and  although  8-candle-power  lamps  may  be 
placed  at  some  of  the  outlets,  the  inspectors  hold  that  the  standard 
lamp  is  approximately  50  watts,  and  for  that  reason  th  is  always 
the  likelihood  of  a  lamp  of  that  capacity  being  used,  and  their  inspec- 
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tion  is  based  on  that  assumption.  Therefore,  to  comply  with  the 
requirements,  an  allowance  of  not  more  than  twelve  lamps  per  branch 
circuit  should  be  made. 

In  ordinary  practice,  however,  it  is  best  to  reduce  this  number 
still  further,  so  as  to  make  allowance  for  future  extensions  or  to  increase 
the  number  of  lamps  that  may  be  placed  at  any  outlet.  For  this 
reason,  it  is  wise  to  keep  the  number  of  the  outlets  on  a  circuit  at  the 
lowest  point  consistent  with  economical  wiring.  It  has  been  proven 
by  actual  practice,  that  the  best  results  are  obtained  by  limiting  the 
number  to  five  or  six  outlets  on  a  branch  circuit.  Of  course,  where 
all  the  outlets  have  a  single  light  each,  it  is  frequently  necessary,  for 
reasons  of  economy,  to  increase  this  number  to  eight,  ten,  and,  in 
some  cases,  twelve  outlets. 

We  have  already  referred  to  the  location  of  the  wires  or  conduits. 
This  question  is  generally  settled  by  the  peculiarities  of  the  construc- 
tion of  the  building.  It  is  necessarj^  to  know  this,  however,  before 
laying  out  the  circuit  work,  as  it  frequently  determines  the  course  of 
a  circuit. 

Now,  as  to  the  course  of  the  circuit  work,  little  need  be  said, 
as  it  is  largely  influenced  by  the  relative  position  of  the  outlets,  cuU 
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Fig.  32.    Ruiiuing  Conductors  Concealed  under  Floor  in  Wooden  Frame  Building. 

outs,  switches,  etc.  Between  the  cut-out  box  and  the  first  outlet,  and 
between  the  outlets,  it  w^ill  have  to  be  decided,  however,  whether 
the  circuits  shall  run  at  right  angles  to  the  walls  of  the  building  or 
room,  or  whether  they  shall  nm  direct  from  one  point  to  another, 
irrespective  of  the  angle  they  make  to  the  sleepers  or  beams.  Of 
course,  in  the  former  case,  the  advantages  are  that  the  cost  is  some- 
what less  and  the  number  of  elbows  and  bends  is  reduced.    If  the 


155 


34  ELECTRIC  WIRING 


tubes  are  bent,  however,  instead  of  using  elbows,  the  difference  in 
cost  is  usually  very  slight,  and  probably  does  not  compensate  for  the 
disadvantages  that  would  result  from  running  the  tubes  diagonally. 
As  to  the  number  of  bends,  if  branch  circuit  work  is  properly  laid 
out  and  installed,  and  a  proper  size  of  tube  used,  it  rarely  happens 
that  there  is  any  difference  in  * 'pulling"  the  branch  circuit  wires. 
It  may  happen,  in  the  event  of  a  very  long  run  or  one  having  a  large 
numl^er  of  bends,  that  it  might  be  advisable  to  adopt  a  short  and 
most  direct  route. 

Up  to  this  time,  the  location  of  the  distribution  centers  has  been 
made  solely  with  reference  to  architectural  considerations;  but  they 
must  now  be  considered  in  conjunction  with  the  branch  circuit  work. 

It  frequently  happens  that,  after  running  the  branch  circuits 
on  the  plans,  we  find,  in  certain  cases,  that  the  position  of  centers  of 
distribution  may  be  changed  to  advantage,  or  sometimes  certain 
groups  may  be  dispensed  with  entirely  and  the  circuits  run  to  other 
points.  We  now  see  the  wisdom  of  ascertaining  from  the  Architect 
where  cut-out  groups  may  be  located,  rather  than  selecting  particular 
points  for  their  location. 

As  a  rule,  wherever  possible,  it  is  wise  to  limit  the  length  of  each 
branch  circuit  to  100  feet;  and  the  number  and  location  of  the  dis- 
tributing centers  should  be  determined  accordingly. 

It  may  be  found  that  it  is  sometimes  necessary  and  even  desirable 
to  increase  the  limit  of  length.  One  instance  of  this  may  be  found  in- 
hall  or  corridor  lights  in  large  buildings.  It  is  generally  desirable, 
in  such  cases,  to  control  the  hall  lights  from  one  point;  and,  as  the 
number  of  lights  at  each  outlet  is  generally  small,  it  would  not  be 
economical  to  run  mains  for  sub-centers  of  distribution.  Hence, 
in  instances  of  this  character,  the  length  of  runs  will  frequently  exceed 
the  limit  named.  In  the  great  majority  of  cases,  however,  the  best 
results  are  obtained  by  limiting  the  runs  to  90  or  100  feet. 

There  are  several  good  reasons  for  placing  such  a  limit  on  the 
length  of  a  branch  circuit.  To  begin  with,  assuming  that  we  are  going 
to  place  a  limit  on  the  loss  in  voltage  (drop)  from  the  switchboard  to 
the  lamp,  it  may  be  easily  proven  that  up  to  a  certain  reasonable 
limit  it  is  more  economical  to  have  a  larger  number  of  distributing 
centers  and  shorter  branch  circuits,  than  to  have  fewer  centers  and 
longer  circuits.    It  is  usual,  in  the  better  class  of  work,  to  limit  ths 
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loss  in  voltage  in  any  branch  circuit  to  approximately  one  volt.  As- 
suming this  limit  (one  volt  loss),  it  can  readily  be  calculated  that  the 
number  of  lights  at  one  outlet  which  may  be  connected  on  a  branch 
circuit  100  feet  long  (using  No.  14  B.  &  S.  wire),  is  ]our\  or  in  the 
case  of  outlets  having  a  single  light  each,  ^ re  outlets  may  be  con- 
nected on  the  circuit,  the  first  being  60  feet  from  the  cut-out,  the  others 
being  10  feet  apart. 

These  examples  are  selected  simply  to  show  that  if  the  branch 
circuits  are  much  longer  than  100  feet,  the  loss  must  be  increased 
to  more  than  one  volt,  or  else  the  number  of  lights  that  may  be  con- 
nected to  one  circuit  must  be  reduced  to  a  veiy  small  quantity,  pro- 
vided, of  course,  the  size  of  the  wire  remains  the  same. 

Either  of  these  alternatives  is  objectionable — the  first,  on  the 
score  of  regulation;  and  the  second,  from  an  economical  standpoint. 
If,  for  instance,  the  loss  in  a  branch  circuit  with  all  the  lights  turned 
on  is  four  volts  (assuming  an  extreme  case),  the  voltage  at  which  a 
lamp  on  that  circuit  burns  will  vary  from  four  volts,  depending  on  the 
number  of  lights  burning  at  a  time.  This,  of  course,  will  cause  the 
lamp  to  burn  below  candle-power  when  all  the  lamps  are  turned  on,, 
or  else  to  diminish  its  life  by  burning  above  the  proper  voltage  when 
it  is  the  only  lamp  burning  on  the  circuit.  Then,  too,  if  the  drop  in 
the  branch  circuits  is  increased,  the  sizes  of  the  feeders  and  the  mains 
must  be  correspondingly  increased  (if  the  total  loss  remains  the  same), 
thereby  increasing  their  cost. 

If  the  number  of  lights  on  the  circuit  is  decreased,  we  do  not  use 
to  good  advantage  the  available  carrying  capacity  of  the  wire. 

Of  course,  one  solution  of  the  problem  would  be  to  increase  the 
size  of  the  wire  for  the  branch  circuits,  thus  reducing  the  drop.  This, 
however,  would  not  be  desirable,  except  in  certain  cases  where  there 
were  a  few  long  circuits,  such  as  for  corridor  lights  or  other  special 
!ontrol  circuits.  In  such  instances  as  these,  it  would  be  better  to 
increase  the  sizes  of  the  branch  circuit  to  No.  12  or  even  No.  10 
B.  &  S.  Gauge  conductors,  than  to  increase  the  number  of  centers 
3f  distribution  for  the  sake  of  a  few  circuits  only,  in  order  to  reduce 
the  number  of  lamps  (or  loss)  within  the  limit. 

The  method  of  calculating  the  loss  in  conductors  has  been  given 
elsewhere;  but  it  must  be  borne  in  mind,  in  calculating  the  loss  of  a 
branch  circuit  supplying  more  than  one  outlet,  that  separate  calcu- 
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lations  must  be  made  for  each  portion  of  the  circuit.  That  is,  a 
calculation  must  he  made  for  the  loss  to  the  first  outlet,  the  length  in 
this  case  being  the  distance  from  the  center  of  distribution  to  the  first 
outlet,  and  the  load  being  the  total  number  of  lamps  supplied  by  the 
circuit.  The  next  step  would  be  to  obtain  the  loss  between  the  first 
and  second  outlet,  the  length  being  the  distance  between  thetwo  out- 
lets, and  the  load,  in  this  case,  being  the  total  number  of  lamps  sup- 
plietl  by  the  circuit,  minus  the  number  supplied  by  the  first  outlet; 
and  so  on.  The  loss  for  the  total  circuit  would  be  the  sum  of  these 
losses  for  the  various  portions  of  the  circuit. 

Feeders  and  Mains.  If  the  building  is  more  than  one  stoiy,  an 
elevation  should  be  made  showing  the  height  and  number  of  stories. 
On  this,  elevation,  the  various  distributing  centers  should  be  shown 
diagrammatically;  and  the  current  in  amperes  supplied  through 
each  center  of  distribution,  should  be  indicated  at  each  center.  The 
next  step  is  to  lay  out  a  tentative  system  of  feeders  and  mains,  and  to 
ascertain  the  load  in  amperes  supplied  by  each  feeder  and  main. 
The  estimated  length  of  each  feeder  and  main  should  then  be  deter- 
mined, and  calculation  made  for  the  loss  from  the  switchboard  to 
each  center  of  distribution.  It  may  be  found  that  in  some  cases  it 
will  l>e  necessary  to  change  the  arrangement  of  feeders  or  mains,  or 
even  the  centers  of  distnbution,  in  order  to  keep  the  total  loss  from  the 
switch lx)ard  to  the  lamps  within  the  limits  previously  determined. 
As  a  matter  of  fact,  in  important  work,  it  is  always  best  to  lay  out  the 
entire  work  tentatively  in  a  more  or  less  crude  fashion,  according  to 
the  "cut  and  dried"  method,  in  order  to  obtain  the  best  results,  because 
the  entire  layout  may  l>e  modified  after  the  first  preliminary  layout 
has  l)een  made.  Of  course,  as  one  becomes  more  experienced  and 
skilled  in  these  matters,  the  final  layout  is  often  almost  identical  with 
the  first  preliminary  arrangement. 

TESTING 

Where  possible,  two  tests  of  the  electric  wiring  equipment  should 
be  made,  one  after  the  wiring  itself  is  entirely  completed,  and  switches, 
cut-out  panels,  etc.,  are  connected;  and  the  second  one  after  the 
fixtures  liave  all  been  installed.  The  reason  for  this  is  that  if  a  ground 
or  sliort  circuit  is  discovered  before  the  fixtures  are  installed,  it  is 
more  easily  remeditxlf  ^nd  §?condly,  bec^iuse  th^re  k  w  division  of 


158 


KLECTRTC  WTRTNO  37 


the  responsibility,  as  there  might  be  if  the  first  test  were  made  only 
after  the  fixtures  were  installed.  If  the  test  shows  no  grounds  or 
short  circuits  before  the  fixtures  are  installed,  and  one  does  develop 
after  they  are  installed,  the  trouble,  of  course,  is  that  the  short  circuit 
or  ground  is  one  or  more  of  the  fixtures.  As  a  matter  of  fact,  it  is  a 
wise  plan  always  to  make  a  separate  test  of  each  fixture  after  it  is 
delivered  at  the  building  and  before  it  is  installed. 

While  a  magneto  is  largely  used  for  the  purpose  of  testing,  it  is 
at  best  a  crude  and  unreliable  method.  In  the  first  place,  it  does 
not  give  an  indication,  even  approximately,  of  the  total  insulation 
resistance,  but  merely  indicates  whether  there  is  a  ground  or  short 
circuit,  or  not.  In  some  instances,  moreover,  a  magneto  test  has 
led  to  serious  errors,  for  reasons  that  will  be  explained.  If,  as  is 
nearly  always  the  case,  the  magneto  is  an  alternating-current  instru- 
ment, it  may  sometimes  happen — particularly  in  long  cables,  and 
especially  where  there  is  a  lead  sheathing  on  the  cable — that  the 
magneto  will  ring,  indicating  to  the  uninitiated  that  there  is  a  ground 
or  short  circuit  on  the  cable.  This  may  be,  and  usually  is,  far  from 
being  the  case;  and  the  cause  of  the  ringing  of  the  magneto  is  not  a 
ground  or  short  circuit,  but  is  due  to  the  capacity  of  the  cable,  which 
acts  as  a  condenser  under  certain  conditions,  since  the  magneto  produc- 
ing an  alternating  current  repeatedly  charges  and  discharges  the  cable 
in  opposite  directions,  this  changing  of  the  current  causing  the  magneto 
to  ring.  Of  course,  this  defect  in  a  magneto  could  be  remedied  by 
using  a  commutator  and  changing  it  to  a  direct-current  machine; 
but  as  the  method  is  faulty  in  itself,  it  is  hardly  worth  while  to  do  this. 

A  portable  galvanometer  with  a  resistance  box  and  Wheatstone 
bridge,  is  sometimes  employed;  but  this  method  is  objectionable 
because  it  requires  a  special  instrument  which  cannot  be  used  for 
many  other  purposes.  Furthermore,  it  requires  more  skill  and  time 
to  use  than  the  voltmeter  method,  which  will  now  be  described. 

The  advantage  of  the  voltmeter  method  is  that  it  requires  merely 
a  direct-current  voltmeter,  which  can  be  used  for  many  other  purposes, 
and  which  all  engineers  or  contractors  should  possess,  together  with 
a  box  of  cells  having  a  potential  of  preferably  over  30  volts.  The  volt- 
meter should  have  a  scale  of  not  over  150  volts,  for  the  reason  that  if 
the  scale  on  which  the  battery  is  used  covers  too  wide  a  range  (say 
1,000  volts)  the  readings  might  be  so  small  as  to  make  the  test  inac- 
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curate.  A  good  arrangement  would  be  to  have  a  voltmeter  having 
two  scales — say,  one  of  60  and  one  of  600 — which  would  make  the 
voltmeter  available  for  all  practical  potentials  that  are  likely  to  be 
used  inside  of  a  building.  If  desired,  a  voltmeter  could  be  obtained 
with  three  connections  having  three  scales,  the  lowest  scale  of  which 
would  be  used  for  testing  insulation  resistances. 

Before  starting  a  test,  all  of  the  fuses  should  be  inserted  and 
switches  turned  on,  so  that  the  complete  test  of  the  entire  instjdlation 
can  l)e  made.  When  this  has  been  done,  the  voltmeter  and  battery 
should  be  connected,  so  as  to  obtain  on  the  lowest  scale  of  the  volt- 
meter the  electromotive  force  of  the  entire  group  of  cells.  This 
connection  is  shown  in  Fig.  33.     Immediately  after  this  has  been  done, 

the  insulation  resistance  to  be  tested 
is  placed  in  circuit,  whether  the 
insulation  to  be  tested  is  a  switch- 
board, slate  panel-board,  or  tlie 
entire  wiring  installation;  and  the 
connections  are  made  as  shown  in 
Fig.  34.  A  reading  should  then 
again  be  taken  of  the  voltmeter; 
and  the  leakage  is  in  proportion 
^.    oo    r.        .,        ,  ^7  ,»     .^v.„r,i  to  the  difference  between  the  first 

Fig.  33.     Connections  of  Voltmeter  and 

Battery  forjg5Ung^insuiation  ^j^j    sccoud    readings  of  the  Volt- 

meter. The  explanation  given  below 
will  show  how  this  resistance  may  be  calculated :  It  is  evident  that 
the  resistance  in  the  first  case  was  merely  the  resistance  of  the  volt- 
meter and  the  internal  resistance  of  the  battery.  As  a  rub,  the  intenial 
resistance  of  the  l)attery  is  so  small  in  comparison  v»^ith  the  resistance 
of  the  voltmeter  and  the  external  resistance,  that  it  may  be  entirely 
neglected,  and  this  will  be  done  in  the  following  calculation.  In  the 
second  case,  however,  the  total  resistance  in  circuits  is  the  resistance 
of  the  voltmeter  and  the  battery,  plus  the  entire  insulation  resistance 
on  all  the  wi^es,  etc.,  connected  in  circuit. 

To  put  this  in  mathematical  form,  the  voltage  of  the  cells  may 
l)e  indicated  by  the  letter  E;  and  the  reading  of  the  voltmeter  when 
the  insulation  resistance  is  connected  by  the  circuit,  by  the  letter  E'. 
Let  li  represent  the  resi.stancc  of  the  voltmeter  and  R-c  represent  the 
insulation  resistance  of  the  installation  which  we  wish  to  measure. 
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It  is  a  fact  which  the  reader  undoubtedly  knows,  that  the  E.  M.  F.  as 
indicated  by  the  voltmeter  in  Fig.  34  is  inversely  proportional  to  the 
resistance:  that  is,  the  greater  the  resistance,  the  lower  will  be  the 
reading  on  the  voltmeter,  as  this  reading  indicates  the  leakage  or  cur- 
rent passing  through  the  resistance.  Putting  this  in  the  shape  of  a 
formula,  we  have  from  the  theory  of  proportion : 

E  :  E'  y.R  +  Rx'.Yi; 
or, 

E'  R  +  E'  Rx  ^E  R. 
Transposing, 

E'  Rx  =ER-  E'  R  =  R  {E 
and 

P    _R(E-E') 


-J'^\ 


^+B\i3 


^-BU3 


PMg.  34.    Insulation  Resistance  Placed  in  Circuit,  Keady  for 
Testing. 


Or,  expressed  in  words,  the  insulation  resistance  is  equal  to  the  resist- 
ance of  the  volt- 
meter multiplied  by 
the  difference  be- 
tween the  first  read- 
ing (or  the  voltage 
in  the  cells)  and 
the  second  reading 
(or  the  reading  of 
the  voltmeter  with 
the  insulation  re- 
sistance in  series  with  the  voltmeter),  divided  by  this  last  reading  of 
the  voltmeter. 

Example.  Assume  a  resistance  of  a  voltmeter  (/?)  of  20,000  ohms, 
and  a  voltage  of  the  cells  (E)  of  30  volts;  and  suppose  that  the  insula- 
tion resistance  test  of  a  wiring  installation,  including  switchboard, 
feeders,  branch  circuits,  panel-boards,  etc.,  is  to  be  made,  the  insula- 
tion resistance  being  represented  by  the  letter  Rj. .     By  substituting 

in  the  formula 

RiE-E') 
Rx ^7-      , 

and  assuming  that  the  reading  of  the  voltmeter  with  the  insulation 
resistance  connected  is  5,  we  have : 

.,        20.()00  X  (30-r,)       ,,,^,„„>   , 

y^^  = _ =  100,  (){)()  olinis. 

^  5 

If  the  test  shows  an  excessive  amount  of  leakage,  or  a  ground  or 
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short  circuit,  the  location  of  the  trouble  may  be  determined  by  the 
process  of  elimination — that  is,  by  cutting  out  the  various  feeders 
until  the  ground  or  leakage  disappears,  and,  when  the  feeder  on  which 
the  trouble  exists  has  been  located,  by  following  the  same  process 
with  the  branch  circuits. 

Of  course,  the  larger  the  installation  and  the  longer  and  more 
numerous  the  circuits,  the  greater  the  leakage  will  be;  and  the  lower 
will  be  the  insulation  resistance,  as  there  is  a  greater  surface  exposed 
for  leakage.  The  Rules  of  the  National  Electric  Code  give  a  sliding 
scale  for  the  requirements  as  to  insulation  resistance,  depending  upon 
the  amount  of  current  carried  by  the  various  feeders,  branch  circuits, 
etc.  The  rule  of  the  National  Electric  Code  (No.  66)  covering  this 
point,  is  as  follows: 

"The  wiring  in  any  building  must  test  free  from  grounds;  i.  e.,  the  cwn- 
plete  mstallation  must  have  an  insulation  between  conductors  and  between 
all  conductors  and  the  ground  (not  including  attachments,  sockets,  recepta- 
cles, etc.)  not  less  than  that  given  in  the  following  table: 

Up  to         5  amperes 4,000,000  ohms 

10        " 2,000,000     " 

"  25        "         ' 800,000     " 

"  50       "         •. 400,000     " 

"        100       "         200,000     " 

200        "         100,000     " 

400        "         50,000     " 

800        "         25,000     " 

"     1,600        "         12,500     " 

"The  test  must  be  made  with  all  cut-outs  and  safety  devices  in  place.  If 
the  lamp  sockets,  receptacles,  electroliers,  etc.,  are  also  connected,  only  one- 
half  of  the  resistances  specified  in  the  table  will  be  required." 

ALTERNATING-CURRENT  CIRCUITS 

It  is  not  within  the  province  of  this  chapter  to  treat  the  various 
alternating-current  phenomena,  but  simply  to  outline  the  modifications 
which  should  be  made  in  designing  and  calculating  electric  light 
wiring,  in  order  to  make  proper  allowance  for  these  phenomena. 

The  most  marked  difference  between  alternating  and  direct  cur- 
rent, so  far  as  wiring  is  concerned,  is  the  effect  produced  by  self- 
induction, -which  is  characteristic  of  all  alternating-current  circuits. 
This  self-induction  varies  greatly  with  conditions  depending  upon 
the  arrangement  of  the  circuit,  the  metlium  surrounding  the  circuit; 
the  devices  or  apparatus  supplied  by  or  connected  in  the  circuit,  etg. 
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For  example,  if  a  coil  having  a  resistance  of  100  ohms  is  included  in 
the  circuit,  a  current  of  one  ampere  can  be  passed  through  the  coil 
with  an  electric  pressure  of  100  volts,  if  direct  current  is  used ;  while 
it  might  require  a  potential  of  several  hundred  volts  to  pass  a  current 
of  one  ampere  if  alternating-current  were  used,  depending  upon  the 
number  of  turns  in  the  coil,  whether  it  is  wound  on  iron  or  some  other 
non-magnetic  material,  etc. 

It  will  be  seen  from  this  example,  that  greater  allowance  should 
be  made  for  self-induction  in  laying  out  and  calculating  alternating- 
current  wiring,  if  the  conditions  are  such  that  the  self-induction  will 
be  appreciable. 

On  account  of  self-induction,  the  two  wires  of  an  alteniating- 
current  circuit  must  never  be  installed  in  separate  iron  or  steel  con- 
duits, for  the  reason  that  such  a  circuit  would  be  virtually  a  choke  coil 
consisting  of  a  single  turn  of  wire  wound  on  an  iron  core,  and  the  self- 
induction  would  not  only  reduce  the  current  passing  through  the  cir- 
cuit, but  also  might  produce  heating  of  the  iron  pipe.  It  is  for  this 
reason  that  the  National  Electric  Code  requires  conductors  constitut- 
ing a  given  circuit  to  be  placed  in  the  same  conduit,  if  that  conduit 
is  iron  or  steel,  whenever  the  said  circuit  is  intended  to  carry,  or  is 
liable  to  carry  at  some  future  time,  an  alternating  current.  This  does 
not  mean,  in  the  case  of  a  two-phase  circuit,  that  all  four  conductors 
need  be  placed  in  the  same  conduit,  but  that  the  two  conductors  of  a 
given  phase  must  be  placed  in  the  same  conduit.  If,  however,  the 
three-wire  system  be  used  for  a  two-phase  system,  all  three  conductors 
should  be  placed  in  the  same  conduit,  as  should  also  be  the  case  in  a 
three-wire  three-phase  system.  Of  course,  in  a  single-phase  two-  or 
three-wire  system,  the  conductors  should  all  be  placed  in  the  same 
conduit. 

In  calculating  circuits  carrying  alternating  current,  no  allowance 
usually  should  be  made  for  self-induction  when  the  conductors  of  the 
same  circuit  are  placed  close  together  in  an  iron  conduit.  When, 
however,  the  conductors  are  run  exposed,  or  are  separated  from  each 
other,  calculation  should  be  made  to  determine  if  the  effects  of  self- 
induction  are  great  enough  to  cause  an  appreciable  inductive  drop. 
There  are  several  methods  of  calculating  this  drop  due  to  self-induc- 
tion— one  by  formula,  and  one  by  a  mathematical  method  which  wilJ 
be  described. 
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Skin  Effect.  Skin  effect  in  alternating-current  circuits  is  caused 
by  an  incorrect  distribution  of  the  current  in  the  wire,  the  current 
tending  to  flow  through  the  outer  portion  of  the  wire,  it  being  a  well- 
known  fact  that  in  alternating  currents,  the  current  density  decreases 
towanl  the  center  of  the  conductor,  and  that  in  large  wires,  the  current 
density  at  the  center  of  the  conductor  is  relatively  quite  small. 

The  skin  effect  increases  in  proportion  to  the  square  of  the  diam- 
eter, and  also  in  direct  ratio  to  the  frequency  of  the  alternating  current. 

For  conductors  of  No.  0000  B.  &  S.  Gauge,  and  smaller,  and  for 
frequencies  of  60  cycles  per  second,  or  less,  the  skin  effect  is  negligible 
and  is  less  than  one-half  of  one  per  cent. 

For  very  large  cables  and  for  frequencies  above  60  cycles  per 
second,  the  skin  effect  may  be  appreciable;  and  in  certain  cases,  allow- 
ance for  it  should  be  made  in  making  the  calculation.  In  ordinary 
practice,  however,  it  may  be  neglected.  Table  IX,  taken  from  Alter- 
nating-Current Wiring  and  Distribution,  by  W.  R.  Emmet,  gives  the 
data  necessary  for  calculating  the  skin  eft'ect.  The  figures  given  in 
the  first  and  third  columns  are  obtained  by  multiplying  the  size  of  the 
conductor  (in  circular  mils)  by  the  frequency  (number  of  cycles  per 
second);  and  the  figures  in  tlje  second  and  fourth  columns  show  the 
factor  to  be  used  in  multiplying  the  ohmic  resistance,  in  order  to 
obtain  the  combined  resistance  and  skin  effect. 

TABLE  IX 
Data  for  Calculating  Skin  Effect 


Pbopuct   of   Circular 
Mils  X  Cycles  per  Sec. 

Factor 

Product  op   Circular 
Mils  X  Cycles  per  Sec. 

Factor 

10,000,000 
20,000,000 
30,000,000 
40,000,000 
50,000,000 
60,000,000 

1.00 
1.01 
1.03 
1.05 
1.08 
1.10 

70,000,000 

80,000,000 

90,000,000 

100,000,000 

1 25,000,000 

150,000,000 

1.13 
1.17 
1.20 
1.25 
1.34 
1.43 

The  factors  given  in  this  table,  multiplied  by  the  resistance  to  direct  cur- 
rents, will  give  the  resistance  to  alternating  currents  for  copper  conductors  of 
circular  cross-section. 

Mutual  Induction.  WTien  two  or  more  circuits  are  run  in  the 
siU'ie  vicinity,  there  is  a  possibility  of  one  circuit  inducing  an  electro- 
motive force  in  tlie  conductors  of  an  adjoining  circuit.  Tliis  effect 
may  result  in  raising  or  lowering  the  E.  M.  F.  in  the  circuit  in  which  a 
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mutual  induction  takes  place.  The  amount  of  this  induced  E.  M.  F. 
set  up  in  one  circuit  by  a  parallel  current,  is  dependent  upon  the  cur- 
rent, the  frequency,  the  lengths  of  the  circuits  running  parallel  to  each 
other,  and  the  relative  positions  of  the  conductors  constituting  the 
said  circuits. 

Under  ordinary  conditions,  and  except  for  long  circuits  carrying 
high  potentials,  the  effect  of  mutual  induction  is  so  slight  as  to  be 
negligible,  unless  the  conductors  are  improperly  arranged.  In  order 
to  prevent  mutual  induction,  the  conductors  constituting  a  given 
circuit  should  be  grouped  together.     Figs.  35  to  39,  inclusive,  show 

♦  9  '^000  Alt.         .035  Volts. 


o 

o 

Fig.  35. 

7200      Alt. 

.016  Volts. 

o 

o 

• 

• 

Fig.  36. 

16,000    Alt. 
7200     Alt. 

.0(5  Volt3. 
.0065Volts. 

• 

o 

o 

• 

Fig.  37. 

le^OOO    Alt. 
7200     Alt. 

.070  Volts. 
.032  Volts. 

o 

o 

• 

• 

Fig.  38. 

1^000    Alt. 
7200     Alt. 

.00  6  Volts. 
.0027  Volts. 

• 

o 

o 

• 

Fig.  39. 

lepoo  Alt. 
l,aOQ     Alt. 

.112  Volts. 
.050  Volts. 

Various  Groupings  of  Conductors  In  Two  Two-Wire  Circuits,   Giving   Various 
Effects  of  Induction. 

five  arrangements  of  two  two-wire  circuits;  and  show  how  relatively 
small  the  effect  of  first  induction  is  when  the  conductors  are  properly 
arranged,  as  in  Fig.  38,  and  how  relatively  large  it  maybe  when  im- 
properly arranged,  as  in  Fig.  39.  These  diagrams  are  taken  from 
a  publication  of  INIr.  Charles  F.  Scott,  entitled  Polyphase  Trans- 
mission, issued  by  the  Westinghouse  Electric  &  Manufacturing 
Company. 

Line  Capacity.  The  effect  of  capacity  is  usually  negligible, 
except  in  long  transmission  lines  where  high  potentials  are  used ;  no 
calculations  or  allowance  need  be  made  for  capacity,  for  ordinary 
circuits. 
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Calculation  of  Alternating=Current  Circuits.  In  the  instruction 
paper  on  ''Power  Stations  and  Transmission,"  a  method  is  given  for 
calculating  alternating-current  lines  by  means  of  formula?,  and  data  are 
given  regarding  power  factor  and  the  calculation  of  both  single-phase 
and  polyphase  circuits.  For  short  lines,  secondary  wiring,  etc.,  how- 
ever, it  is  probably  more  convenient  to  use  the  chart  method  devised 
by^Ir.  Ralph  D.  Mershon,  described  in  the  American  Electrician  oi 
June,  1897,  and  partially  reproduced  as  follows: 

DROP  IN  ALTERNAT1NG=CURRENT  LINES 

When  alternating  currents  first  came  into  use,  when  transmission 
distances  were  short  and  the  only  loads  carried  were  lamps,  the  ques- 
tion of  drop  or  loss  of  voltage  in  the  transmitting  line  was  a  simple  one, 
and  the  same  methods  as  for  direct  current  could  without  serious 
error  be  employed  in  dealing  with  it.  The  conditions  existing  in 
alternating  practice  to-day — longer  distances,  polyphase  circuits, 
and  loads  made  up  partly  or  wholly  of  induction  motors — render 
this  question  less  simple;  and  direct-current  methods  applied  to  it 
do  not  lead  to  satisfactory  results.  Any  treatment  of  this  or  of 
any  engineering  subject,  if  it  is  to  benefit  the  majority  of  engineers, 
must  not  involve  groping  through  long  equations  or  complex  diagrams 
in  search  of  practical  results.  The  results,  if  any,  must  be  in  avail- 
able and  convenient  form.  In  w^hat  follows,  the  endeavor  has  been 
made  to  so  treat  the  subject  of  drop  in  alternating-current  lines  that 
if  the  reader  be  grounded  in  the  theory  the  brief  space  devoted  to 
it  will  suffice;  but  if  he  do  not  comprehend  or  care  to  follow  the 
simple  theory  involved,  he  may  nevertheless  turn  the  results  to  his 
practical  advantage. 

Calculation  of  Drop.  Most  of  the  matter  heretofore  published 
on  the  subject  of  drop  treats  only  of  the  inter-relation  of  the  E.  M.  F.'s 
involved,  and,  so  far  as  the  writer  knows,  there  have  not  appeared 
in  convenient  form  the  data  necessary  for  accurately  calculating  this 
quantity.  Table  X  (page  47)  and  the  chart  (page  46)  include,  in  a 
form  suitp.ble  for  the  engineer's  pocketbook,  everything  necessary 
for  calculating  the  drop  of  alternating-current  lines. 

The  chart  is  simply  an  extension  of  the  vector  diagram  (Fig.  40), 
giving  the  relations  of  the  E.  M,  F.'s  of  line,  load  and  generator.    In 
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Fig.  40,  E  is  the  generator  E.  M.  F. ;  e,  the  E.  M.  F.  impressed  upon 
the  load ;  c,  that  component  of  E  which  overcomes  the  back  E.  M.  F. 
due  to  the  impedance  of  the  line.  The  component  c  is  made  up  of  two 
components  at  right  angles  to  each  other.  One  is  a,  the  component 
overcoming  the  IR  or  back  E.  M.  F.  due  to  resistance  of  the  line. 
The  other  is  b,  the  component  overcoming  the  reactance  E.  M.  F.  or 
back  E.  M.  F.  due  to  the  alternating  field  set  up  around  the  wire  by 
j;he  current  in  the  wire.  The  drop  is  the  difference  between  E  and 
e.  It  is  d,  the  radial  distance  between  two  circular  arcs,  one  of  which 
is  drawn  with  a  radius  e,  and  the  other  with  a  radius  E. 

The  chart  is  made  by  striking  a  succession  of  circular  arcs  with 
Oasacenter.  v 

The  radius  of  the 
smallest  circle  cor- 
responds to  e,  the 
E.  M.  F.  of  the 
load,  which  is  taken 
as  100  per  cent. 
The  radii  of  the  suc- 
ceeding circles  in- 
crease by  1  per  cer.t 
of  that  of  the  small- 
est circle;  and,  as 
the  radius  of  the 
last  or  largest  cir- 
cle is  140  per  cent 
of  that  of  the  smallest,  the  chart  answers  for  drops  up  to  40  per  cent  of 
the  E.  M.  F.  delivered. 

The  terms  resistance  volts,  resistance  E.  M.  E.,  reactance  volts, 
and  reactance  E.  M.  F.,  refer,  of  course,  to  the  voltages  for  overcom- 
ing the  back  E.  M.  F.  's  due  to  resistance  and  reactance  respectively. 
The  figures  given  in  the  table  under  the  heading  "Resistance-Volts 
for  One  Ampere,  etc."  are  simply  the  resistances  of  2,000  feet  of  the 
various  sizes  of  wire.  The  values  given  under  the  headmg  "React- 
ance-Volts, otc,"  are,  a  part  of  them,  calculated  from  tables  published 
some  time  ago  by  Messrs.  Houston  and  Kennelly.  The  remainder 
were  obtained  by  using  INIaxwell's  formula. 

The  explanation  given  in  tlie  table  accompanying  the  chart 
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Fig.  40.    Vector  Diagram. 
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Chart  for  Calculating  Drop  in  A'tematlng-Current  Lines. 
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TABLE  X 
Data  for  Calculating  Drop  in  Alternating=Current  Lines 

To  be  used  in  conjunction  with  Chart  on  opposite  page. 

By  means  of  the  table,  calculate  the  Resistance- Volts  and  the  Beactance- Volts  in  the 
line,  and  find  what  per  cent  each  is  of  the  E.  M.  F.  delivered  at  the  end  of  the  line. 
Starting  from  the  point  on  the  chart  where  the  vertical  line  corresponding  with  the 
power-factor  of  the  load  intersects  the  smallest  circle,  lay  off  in  per  cent  the  resistance 
E.  M.  F.  horizontally  and  to  the  right;  from  the  point  thus  obtained,  lay  off  upward 
in  x>er  cent  the  reactance-E.  M.  F.  The  circle  on  which  the  last  point  fa'lls  gives  the 
drop,  in  per  cent,  of  the  E.  M.  F.  delivered  at  the  end  of  the  line.  Every  tenth  circle 
arc  is  marked  with  the  per  cent  drop  *o  which  it  coi'responds. 


en 

o 

0) 

^1 

i 

Hi 

m 

lit 

Throughout  the  table  the  lower  figures  in  the  squares  give 
values  for  one  mile   of   line,  corresponding  to  those  of    the 
upper  figures  for  1,000  feet  of  line. 

Upper  figures  are  Reactance-Volts  in  1,000  ft.  of  Line  (= 
2,000  ft.  of  Wire)  for  One   Ampere  at  7,200   Alternations   per 
Minute  (60  Cycles  per  Second)  for  the  distance  given  between 
Centers  of  Conductors. 
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1" 

2" 

3" 

6" 

9" 

12" 

18" 

24" 

30" 

36" 

0000 

639 
3,376 

.098 
.518 

.046 

.243 

.079 

.417 

.111 

.586 

.130 

.687 

.161 
.850 

.180 
.951 

.193 

1.02 

.212 

1.12 

.225 
1.19 

.235 

1.24 

.244 

1.29 

000 

507 

2,677 

.124 

.653 

.052 

.275 

.085 

.449 

.116 

.613 

.135 
.713 

.167 

.882 

.185 

.977 

.199 

1.05 

.217 
1.15 

.230 

1.22 

.241 

1.27 

.249 

1.32 

00 

402 
2,123 

.156 
.824 

.057 
.301 

.090 
.475 

.121 

.639 

.140 

.739 

.172 

.908 

.190 

1.00 

.204 

1.08 

.222 

1.17 

.236 

1.25 

.246 

1.30 

.254 

1.34 

0 

319 

1,685 

.197 
1.04 

.063 
.332 

.095 

.502 

.127 

.671 

.145 

.766 

.177 
.935 

.196 

1.04 

.209 

1.10 

.228 

1.20 

.241 

1.27 

.251 

1.33 

.259 

1.37 

1 

253 

1,335 

.248 

1.31 

.068 

.359 

.101 
.533 

.182 

.687 

.151 

.797 

.183 
.966 

.201 

1.06 

.214 

1.13 

.233 
1.23 

.246 

1.30 

.256 
1.35 

.265 

1.40 

2 

201 

1,059 

.313 

1.65 

.074 

.391 

.079 

.417 

.106 
.560 

.112 

.591 

.138 
.728 

.156 

.824 

.188 
.993 

.206 

1.09 

.220 

1.16 

.238 
1.26 

.252 

1.33 

.262 
1.38 

.270 

1.43 

3 

169 

840 

.394 

2.08 

.143 

.755 

.162 

.856 

.193 

1.02 

.212 

1.12 

.225 
1.19 

.244 

1.29 

.257 
1.36 

.267 
1.41 

.275 
1.45 

4 

126 

666 

.497 
2.63 

.085 

.449 

.117 

.618 

.149 

.787 

.167 

.882 

.199 

1.05 

.217 

1.15 

.230 
1.22 

.249 
1.32 

.262 
1.38 

.272 
1.44 

.281 

1.48 

5 

100 

528 

.627 
3.31 

.090 

.475 

.121 

.639 

.154 

.813 

.172 

.908 

.204 

1.08 

.223 

1.18 

.236 

1.25 

.254 
1.34 

.268 

1.42 

.278 

1.47 

.280 

1.51 

6 

79 

419 

.791 

4.18 

.095 

.502 

.127 
.671 

.158 

.834 

.178 
.940 

.209 

1.10 

.228 

1.20 

.241 

1.27 

.260 

1.37 

.272 

1.44 

.283 

1.49 

=291 

1.54 

7 

63 
332 

.997 

6.27 

.101 
.533 

.132 

.697 

.164 

.866 

.183 

.966 

.214 

1.13 

.233 

1.23 

.246 

1.30 

.265 

1.40 

.278 

1.47 

.288 

1.52 

.293 

1.55 

.296 

1.56 

8 

50 
263 

1.260 

6.64 

.106 
.560 

.138 

.729 

.169 

.893 

.188 

.993 

.220 

1.16 

.238 

1.26 

.252 

1  33 

.270 

1.43 

.284 

1.50 

.3  02 

1.60 
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(Table  X)  is  thought  to  be  a  sufficient  guide  to  its  use,  but  a  few 
examples  may  be  of  value. 

Problem.  Power  to  be  delivered,  250  K.W.;  E.  M.  F.  to  be  delivered, 
2,000  volts;  distance  of  transmission,  10,000  feet;  size  of  wire.  No.  0;  distance 
between  wires,  18  inches;  powder  factor  of  load,  .8;  frequency,  7,200  alterna- 
tions per  minute.     Find  the  line  loss  and  drop. 

Remembering  that  the  power  factor  is  that  fraction  by  which 

the  apparent  power  of  volt-amperes  must  be  multiplied  to  give  the 

true  power,  the  apparent  power  to  be  delivered  is 

250  KW.      „,_  _  ^-^„, 
=312.5  apparent  K.W. 

.8 

The  current,  therefore,  at  2,000  volts  will  be 
312,500     ,_„ 
'2^000' ^  °^P^^^^* 

From  the  table  of  reactances  under  the  heading  "18  inches,"  and 
corresponding  to  No.  0  wire,  is  obtained  the  constant  .228.  Bearing 
the  instructions  of  the  table  in  mind,  the  reactance-volts  of  this  line 
are,  156.25  (amperes)  X  10  (thousands  of  feet)  X  .228=356.3  volts, 
which  is  17.8  per  cent  of  the  2,000  volts  to  be  delivered. 

From  the  column  headed  'llesistance-Volts"  and  corresponding 
to  No.  0  wire,  is  obtained  the  constant  .197.  The  resistance-volts 
of  the  line  are,  therefore,  156.25  (amperes)  X  10  (thousands  of  feet) 
X  .197  =  307.8  volts,  which  is  15.4  per  cent  of  the  2,000  volts  to  be 
delivered. 

Starting,  in  accordance  with  the  instructions  of  the  table,  from 
the  point  where  the  vertical  line  (which  at  the  bottom  of  tlie  chart 
is  marked  "Load  Power  Factor"  ^8)  intersects  the  ifiner  or  smallest 
circle,  lay  off  horizontally  and  to  the  right  the  resistance-E.  M.  F.  iir. 
per  cent  (15.4);  and  from  the  'point  thus  obtained,  lay  off  vertically  the 
reactance-E.  M.  F.  in  per  cent  (17.8).  The  last  point  falls  at  about 
23  per  cent,  as  given  by  the  circular  arcs.  This,  then,  is  the  drop,  in 
per  cent,  of  the  E.  M.  F.  delivered.  The  drop,  in  per  cent,  of  the  genera- 
tor E.  M.  F.  is,  of  course, 

23 
-3^^^3=18.7  per  cent. 

The  percentage  loss  of  power  in  the  line  has  not,  as  with  direct 
current,  the  same  value  as  the  percentage  drop.  This  is  due  to  the 
fact  that  the  line  has  reactance,  and  also  that  the  apparent  power 
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delivered  to  the  load  is  not  identical  with  the  true  power — that  is, 
the  load  power  factor  is  less  than  unity.  The  loss  must  be  obtained 
by  calculating  /-  R  for  the  line,  or,  what  amounts  to  the  same  thing, 
by  multiplying  the  resistance-volts  by  the  current. 

The  resistance-volts  in  this  case  are  307.8,  and  the  current 
156.25  amperes.  The  loss  is  307.8  X  156.25  =  48.1  K.  W.  The 
percentage  loss  is 

48.1  .„, 

250+48.1  ^  '^''  P'^  ^'"*- 
Therefore,  for  the  problem  taken,  the  drop  is  18.7  per  cent,  and  the 
loss  is  16 . 1  per  cent.  If  the  problem  be  to  find  the  size  wire  for  a  given 
drop,  it  must  be  solved  by  trial.  Assume  a  size  of  wire  and  calculate 
the  drop ;  the  result  in  connection  with  the  table  will  show  the  direction 
and  extent  of  the  change  necessary  in  the  size  of  wire  to  give  the 
required  drop. 

The  effect  of  the  line  reactance  in  increasing  the  drop  should  be 

noted.     If  there  were  no  reactance,  the  drop  in  the  above  example 

would  be  given  by  the  point  obtained  in  laying  off  on  the  chart  the 

resistance-E.  M.  F.  (15.4)  only.    Tliis  point  falls  at  12.4  per  cent, 

and  the  drop  in  terms  of  the  generator  E.  M.  F.  would  be 

12.4 
Ti  o  A  =  11  per  cent,  instead  of  18 . 7  per  cent. 

Anything  therefore  which  will  re(hKe  reactance  is  desirable. 

Reactance  can  be  reduced  in  two  ways.  One  of  these  is  to 
diminish  the  distance  between  wires.  The  extent  to  which  this  can 
be  carried  is  limited,  in  the  case  of  a  pole  line,  to  the  least  distance  at 
which  the  wires  are  safe  from  swinging  together  in  the  middle  of  the 
span;  in  inside  wiring,  by  the  danger  from  fire.  The  other  way  of 
reducing  reactance  is  to  split  the  copper  up  into  a  greater  number  of 
circuits,  and  arrange  these  circuits  so  that  there  is  no  inductive  inter- 
action. For  instance,  suppose  that  in  the  example  worked  out  above, 
two  No.  3  wires  were  used  instead  of  one  No.  0  wire.  The  resistance- 
volts  would  be  practically  the  same,  but  the  reactance-volts  would  be 

.244 
less  in  the  ratio  i  X  ^^^  =  .535,  since  each  circuit  would  bear  half  the 

current  the  No.  0  circuit  does,  and  the  constant  for  No.  3  wire  is  .244, 
instead  of  .  228 — that  for  No.  0.  The  effect  of  subdividing  the  copper 
is  also  shown  if  in  the  example  given  it  is  desired  to  reduce  the  drop 
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to,  say,  one-half.  Increasing  the  copper  from  No.  0  to  No.  0000  will 
not  produce  the  required  result,  for,  although  the  resistance-volts  will 
be  reduced  one-half,  the  reactance-volts  will  be  reduced  only  in  the 
ratio  .  212^    If,  however,  two  inductively  independent  circuits  of  No.  0 

.228* 
wire  be  used,  the  resistance-  and  reactance-volts  will  both  be  reduced 
one-half,  and  the  drop  will  therefore  be  diminished  the  required 
amount. 

The  component  of  drop  due  to  reactance  is  best  diminished  by  sub- 
dividing the  copper  or  by  bringing  the  conductors  closer  together.  It 
is  little  affected  by  change  in  size  of  cmiductors. 

An  idea  of  the  manner  in  which  changes  of  power  factor  affect 

drop  is  best  gotten  by  an  example.     Assume  distance  of  transmission, 

distance  between  conductors  E.  M.  F.,  and  frequency,  the  same  as  in 

the  previous  example.    Assume  the  apparent  power  delivered  the 

same  as  before,  and  let  it  be  constant,  but  let  the  power  factor  be  given 

several  different  values;  the  true  power  will  therefore  be  a  variable 

depending  upon  the  value  of  the  power  factor.     Let  the  size  of  wire 

be  No.  0000.    As  the  apparent  power,  and  hence  the  current,  is  the 

same  as  before,  and  the  line  resistance  is  one-half,  the  resistaiice- 

E.  M.  F.  will  in  this  case  be 

15  4 

--^,  or  7 . 7  per  cent  of  the  E.  M.  F.  delivered. 

Also,  the  reactance-E.  M.  F.  will  be 

.212X17.8      _  . 

228 =16. 5  per  cent. 

Combining  these  on  the  chart  for  a  power  factor  of  .4,  and  deducing 
the  drop,  in  per  cent,  of  the  generator  E.  M.  F.,  the  value  obtained  is 
15.3  per  cent;  with  a  power  factor  of  .8,  the  drop  is  14  per  cent; 
with  a  power  factor  of  unity,  it  is  8  per  cenl.  If  in  this  example  the 
true  power,  instead  of  the  apparent  power,  had  been  taken  as  constant, 
it  is  evident  that  the  values  of  drop  would  have  differed  more  widely, 
since  the  current,  and  hence  the  resistance-  and  reactance-volts, 
would  have  increased  as  the  power  factor  diminished.  The  condition 
taken  more  nearly  represents  that  of  practice. 

If  the  line  had  resistance  and  no  reactance,  the  several  values 
of  drop,  instead  of  15.3,  14,  and  8,  would  be  3.2,  5.7,  and  7.2  per 
cent  respef'tively,  showing  that  for  a  load  of  lamps  the  drop  will  not 
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be  much  increased  by  reactance;  but  that  with  a  load,  such  as  induc- 
tion motors,  whose  power  factor  is  less  than  unity,  care  should  be 
taken  to  keep  the  reactance  as  low  as  practicable.  In  all  cases  it  is 
advisable  to  place  conductors  as  close  together  as  good  practice  will 
permit. 

When  there  is  a  transformer  in  circuit,  and  it  is  desired  to  obtain 
the  combined  drop  of  transformer  and  line,  it  is  necessary  to  know 
the  resistance-  and  reactance-volts  of  the  transformer.  The  resist- 
ance-volts of  the  combination  of  line  and  transformer  are  the  sum  of 
the  resistance-volts  of  the  line  and  the  resistance-volts  of  the  trans- 
former. Similarly,  the  reactance-volts  of  the  line  and  transformer 
are  the  sum  of  their  respective  reactance-volts.  The  resistance-  and 
reactance-E.  M.  F.s  of  transformers  may  usually  be  obtained  from 
the  makers,  and  are  ordinarily  given  in  per  cent.*  These  per- 
centages express  the  values  of  the  resistance-  and  reactance-E.  M.  F.'s 
when  the  transformer  delivers  its  normal  full-load  current;  and  they 
express  these  values  in  terms  of  the  normal  no-load  E.  M.  F.  of  the 
transformer. 

Consider  a  transformer  built  for  transformatbn  between  1,000 
and  100  volts.  Suppose  the  resistance-  and  reactance-E.  M.  F.'s  given 
are  2  per  cent  and  7  per  cent  respectively.  Then  the  corresponding 
voltages  when  the  transformer  delivers  full-load  current,  are  2  and  7 
volts  or  20  and  70  volts  according  as  the  line  whose  drop  is  required 
is  connected  to  the  low-voltage  or  high-voltage  terminals.  These 
values,  2^7  and  20 — 70,  hold,  no  matter  at  what  voltage  the  trans- 

*When  the  required  values  caunot  be  obtained  from  the  makers,  they  may  be 
measured.  Measure  the  resistance  of  both  coils.  If  the  line  to  be  calculated  is  attached 
to  the  high- voltage  terminals  of  the  transformer,  the  equivalent  resistance  is  that  of  the 
high-voltage  coil,'p/««  the  resistance  obtained  by  increasing  in  the  square  of  the  ratio  of 
transformation  the  measured  resistance  of  the  low- voltage  coil  That  is,  if  the  ratio  of 
transformation  is  10,  the  equivalent  resistance  referred  to  the  high-voltage  circuit  is 
the  resistance  of  the  high-voltage  coll,  plus  100  times  that  of  the  low- voltage  coil.  This 
equivalent  resistance  multiplied  by  the  high- voltage  current  gives  the  transformer 
resistance- volts  referred  to  the  high-voltage  circuit.  Similarly,  the  equivalent  resist- 
ance referred  to  the  low-voltage  circuit  is  the  resistance  of  the  low-voltage  coil,  plus  that 
of  the  high-voltage  coil  reduced  in  the  square  of  the  ratio  of  transformation.  It  follows, 
of  course,  from  this,  that  the  values  of  the  resistance- volts  referred  to  the  two  circuits 
bear  to  each  other  the  ratio  of  transformation.  To  obtain  the  reactance-volts,  short- 
circuit  one  coll  of  the  transformer  and  measure  the  voltage  necessary  to  force  through 
the  other  coil  its  normal  current  at  normal  frequency.  The  result  is,  nearly  enough, 
the  reactance- volts.  It  makes  no  difference  which  coil  is  short-circuited,  as  the  results 
obtained  in  one  case  wall  bear  to  those  in  the  other  the  ratio  of  transformation.  If  a 
close  value  is  desired,  subtract  from  the  square  of  the  voltage  reading  the  square  of  the 
reai»tance-\'olts.  and  take  the  square  root  of  the  difference  as  the  reactance- volts. 
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former  is  operated,  since  they  depend  only  upon  the  strength  of  cur- 
rent, providing  it  is  of  the  normal  frequency.  If  any  other  than  the 
full-load  current  is  drawn  from  the  transformer,  the  reactance-  and 
resistance-volts  will  be  such  a  proportion  of  the  values  given  above 
as  the  current  flowing  is  of  the  full-load  current.  It  may  be  noted,  in 
passing,  that  when  the  resistance-  and  reactance-volts  of  a  trans- 
former are  known,  its  regulation  may  be  determined  by  making  use 
of  the  chart  in  the  same  way  as  for  a  line  having  resistance  and 
reactance. 

As  an  illustration  of  the  method  of  calculating  the  drop  in  a 
line  and  transformer,  and  also  of  the  use  of  table  and  chart  in  calculat- 
ing low-voltage  mains,  the  following  example  is  given : 

Problem.  A  single-phase  induction  motor  is  to  be  supplied  with  20  am- 
peres at  200  volts;  alternations,  7,200  per  minute;  power  factor,  .78.  The 
distance  from  transformer  to  motor  is  150  feet,  and  the  line  is  No.  5  wire,  (i 
inches  between  centers  of   conductors.     The  transformer  reduces  in  the  ratio 

2  000 

~  Wr»  ^^^^  '""  capacity  of  25  amperes  at  200  volts,  and,  when  delivering  this 

current  and  voltage,  its  res>tancc-E.  M.  F.  is  2.5  per  cent,  its  reactancc- 
K.  M.  F.  5  per  cent.     Find  the  drop. 

The  reactance  of  1,()00  feet  of  circuit  consisting  of  two  No.  ^) 
wires,  ()  inches  apart,  is  .204.     The  reactjuice-volts  therefore  arc 

.204  X 

The  resistance-volts  are 


]  50 
.204  X  ^--^  X  20  =  .01  volts. 
1 ,000 


.627  X  r^^"  X  20  =  1.88  volts. 
1,000 

At  25  amperes,  the  resistance-volts  of  the  transformer  are  2.5  per 

20 
cent  of  2(X),  or  5  volts.    At  20  amperes,  they  are  -~  of  this,  or  4  volts. 

25 

Similarly,   the  transformer  reactance-volts  at  25  amperes  are   10, 

and  at  20  amperes  are  8  volts.    The  combined  reactance-volts  of 

transformer  and  line  are  8  +  .61  =  8.61,  which  is  4.3  per  cent  of 

the  200  volts  to  be  delivered.    The  combined  resistance-volts  are  1 .88 

+4,  or  5.88,  which  is  2.94  per  cent  of  the  E.  M.  F.  to  be  delivered. 

Combining  these  quantities  on  the  chart  with  a  power  factor  of  .78, 

the  drop  is  5  per  cent  of  the  delivered  E.  M.  F., 

or  ■   ^^  =  4.8  per  cent 
l(w 

uf  the  impressed  E.  M.  F.    The  transformer  must  bt;  supplied  with 
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-^^  =  2,100  volts, 

in  order  that  200  volts  shall  be  delivered  to  the  motor. 

Table  X  (page  47)  is  made  out  for  7,200  alternations,  but  will 
answer  for  any  other  number  if  the  values  for  reactance  be  changed 
in  direct   proportion   to  the  change  in  alternations.     For  instance, 

for   16,000  alternations,   multiply  the   reactances  given   by  -,^— ^ 

For  other  distances  between  centers  of  conductors,  interpolate  the 
values  given  in  the  table.  As  the  reactance  values  for  different  sizes 
of  wire  change  by  a  constant  amount,  the  table  can,  if  desired,  be 
readily  extended  for  larger  or  smaller  conductors. 

The  table  is  based  on  the  assumption  of  sine  currents  and 
E.  M.  F.'s.  The  best  practice  of  to-day  produces  machines  which 
so  closely  approximate  this  condition  that  results  obtained  by  the 
above  methods  a  re  well  within  the  limits  of  practical  requirements. 

Polyphase  Circuits.  So  far,  single-phase  circuits  only  have 
been  dealt  with.  A  simple  extension  of  the  methods  given  above 
adapts  them  to  the  calculation  of  polyphase  circuits.  A  four-wire 
quarter-phase  (two-phase)  transmission  may,  so  far  as  loss  and  regula- 
tion are  concerned,  be  replacetl  by  two  single-phase  circuits  identical 
(as  to  size  of  wire,  distance  between  wires,  current.,  and  E.  M,  F.) 
with  the  two  circuits  of  the  quarter-phase  transmission,  provided  that 
in  both  cases  there  is  no  inductive  interaction  between  circuits.  There- 
fore, to  calculate  a  four-wire,  quarter-phase  transmission,  compute 
the  single-phase  circuit  required  to  transmit  one-half  the  power  at 
tlie  same  voltage.  The  quarter-phase  transmission  will  require  two 
such  circuits. 

A  three-wire,  three-phase  transmission,  of  which  the  conductors 
are  symmetrically  related,  may,  so  far  as  loss  and  regulation  are 
concerned,  be  replaced  by  two  single-phase  circuits  having  no  in- 
ductive interaction,  and  identical  with  the  three-phase  line  as  to 
size,  wire,  and  distance  between  wires.  Therefore,  to  calculate  a 
three-phase  transmission,  calculate  a  single-phase  circuit  to  carrj^ 
one-half  the  load  at  the  same  voltage.  The  three-phase  transmis- 
sion will  require  three  wires  of  the  size  and  distance  between  centers 
as  obtained  for  the  single-phase. 

A   three-wire,   quarter-phase   transmission   may   be   calculated 
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exactly  as  regards  loss,  and  approximately  as  regards  drop,  in  the 
same  way  as  for  three-phase.  It  is  possible  to  exactly  calculate 
the  drop,  but  this  involves  a  more  complicated  method  than  the 
approximate  one.  The  error  by  this  approximate  method  is  gen- 
erally small.  It  is  possible,  also,  to  get  a  somewhat  less  drop  and 
loss  with  the  same  copper  by  proportioning  the  cross-section  of 
the  middle  and  outside  wires  of  a  three-wire,  quarter-phase  circuit 
to  the  currents  they  carry,  instead  of  using  three  wires  of  the  same 
size.  The  advantage,  of  course,  is  not  great,  and  it  will  not  be  con- 
sidered here. 

WIRING  AN  OFFICE  BUILDING 

The  building  selected  as  a  typical  sample  of  a  wiring  installation 
is  that  of  an  office  building  located  in  Washington,  D.  C.  The  figures 
shown  are  reproductions  of  the  plans  actually  used  in  installing  the 
work. 

The  building  consists  of  a  basement  and  ten  stories.  It  is  of 
fireproof  construction,  having  steel  beams  with  terra-cotta  flat  arches. 
The  main  walls  are  of  brick  and  the  partition  walls  of  terra-cotta 
blocks,  finished  with  plaster.  There  is  a  space  of  approxnnately  five 
inches  between  the  top  of  the  iron  beams  and  the  top  of  the  finished 
floor,  of  which  space  about  three  inches  was  available  for  nmning 
the  electric  conduits.  The  flooring  is  of  wood  in  the  offices,  but  of 
concrete,  mosaic,  or  tile  in  the  basement,  halls,  toilet-rooms, 
etc. 

The  electric  current  supply  is  derived  from. the  mains  of  the  local 
illuminating  company,  the  mains  being  brought  into  the  front  of  the 
building  and  extending  to  a  switchboard  located  near  the  center  of  the 
basement. 

As  the  building  is  a  very  substantial  fireproof  structure,  the  only 
method  of  wiring  considered  was  that  in  which  the  circuits  would  be 
installed  in  iron  conduits. 

Electric  Current  Supply.  The  electric  current  supply  is  direct 
current,  two-wire  for  power,  and  three-wire  for  lighting,  having  a 
potential  of  236  volts  between  the  outside  conductors,  and  118  volts, 
between  the  neutral  and  either  outside  conductor. 
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Switchboard.  On  the  switchboard  in  the  basement  are  mounted 
wattmeters,  provided  by  the  local  electric  company,  and  the  various 
switches  required  for  the  control  and  operation  of  the  lighting  and 
power  feeders.  There  are  a  total  of  ten  triple-pole  switches  for  light- 
ing, and  eighteen  for  power.  An  indicating  voltmeter  and  ampere 
meter  are  also  placed  in  the  switchboard.  A  voltmeter  is  provided 
with  a  double-throw  switch,  and  so  arranged  as  to  measure  the  poten- 
tial across  the  two  outside  conductors,  or  between  the  neutral  con- 
ductor and  either  of  the  outside  conductors.  The  ampere  meter  is 
arranged  with  two  shunts,  one  being  placed  in  each  outside  leg;  the 
shunts  are  connected  with  a  double-pole,  double-throw  switch,  so 
that  the  ampere  meter  can  be  connected  to  either  shunt  and  thus 
measure  the  current  supplied  on  each  side  of  the  system. 

Character  of  Load.  The  building  is  occupied  partly  as  a  news- 
paper office,  and  there  are  several  large  presses  in  addition  to  the  usual 
linotype  machines,  trimmers,  shavers,  cutters,  saws,  etc.  There  are- 
also  electrically-driven  exhaust  fans,  house  pumps,  air-compressors, 
etc.  The  upper  portion  of  the  building  is  almost  entirely  devoted 
to  offices  rented  to  outside  parties.  The  total  number  of  motors 
supplied  was  55;  and  the  total  number  of  outlets,  1,100,  supplying 
2,400  incandescent  lamps  and  4  arc  lamps. 

Feeders  and  Mains.  The  arrangement  of  the  various  feeders 
and  mains,  the  cut-out  centers,  mains,  etc.,  which  they  supply,  are 
shown  diagrammatically  in  Fig.  41,  which  also  gives  in  schedule  the 
sizes  of  feeders,  mains,  and  motor  circuits,  and  the  data  relating  to  the 
cut-out  panels. 

Although  the  current  supply  was  to  be  taken  from  an  outside 
source,  yet,  inasmuch  as  there  was  a  probability  of  a  plant  being  in- 
stalled in  the  building  itself  at  some  future  time,  the  three-wire  system 
of  feeders  and  mains  was  designed,  with  a  neutral  conductor  equal 
to  the  combined  capacity  of  the  two  outside  conductors,  so  that 
120-volt  two-wire  generators  could  be  utilized  without  any  change  in 
the  feeders. 

Basement.  The  plan  of  the  basement.  Fig.  42,  shows  the  branch 
circuit  wiring  for  the  outlets  in  the  basement,  and  the  location  of  the 
main  switchboard.  It  also  shows  the  trunk  cables  for  the  inter- 
connection system  sening  to  provide  the  necessary  wires  for  telephones, 
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Fig.  42.    Wiring  an  Office  Building.    Basement  Plan  Showing  Branch  Circuit  Wiring  for 

Outlets  in  Basement.  Location  of  Main  Switchboard,  and  Trunk  Cables  of  the 

Interconnection  System  Providing  Wires  for  T.elephone, 

Ticker,  and  Messenger  Call  Service,  etc, 


179 


58  ELECTRIC  WIRING 

tickers,  messenger  calls,  etc.,  in  all  the  rooms  throughout  the  building, 
as  will  be  describee!  later. 

To  avoid  confusion,  the  feeders  were  not  shown  on  the  basement 
plan,  but  were  described  in  detail  in  the  specification,  and  installed 
in  accordance  with  directions  issued  at  the  time  of  installation.  The 
electric  current  supply  enters  the  building  at  the  front,  and  a  service 
switch  and  cut-out  are  placed  on  the  front  wall.  From  this  point,  a 
two-wire  feeder  for  power  and  a  three-wire  feeder  for  lighting,  are 
run  to  the  main  switchboard  located  near  the  center  of  the  basement. 
Owing  to  the  size  of  the  conduits  required  for  these  supply  feeders,  as 
well  as  the  main  feeders  extending  to  the  upper  floors  of  the  building, 
the  said  conduits  are  run  exposed  on  substantial  hangers  suspended 
from  the  basement  ceiling. 

First  Floor.  The  rear  portion  of  the  build  ingfrom  the  basement 
through  the  first  floor,  Fig.  43,  and  including  the  mezzanine  floor, 
between  the  first  and  second  floors,  at  the  rear  portion  of  the  building 
only,  is  utilized  as  a  press  room  for  several  large  and  heavy,  modem 
newspaper  presses.  The  motors  and  controllers  for  these  presses  are 
located  on  the  first  floor.  A  separate  feeder  for  each  of  these  press 
motors  is  run  directly  from  the  main  switchboard  to  the  motor  con- 
troller  in  each  case.  Empty  conduits  were  provided,  extending  from 
the  controllers  to  the  motor  in  each  case,  intended  for  the  various 
control  wires  installed  by  the  contractor  for  the  press  equipments. 

One-half  of  the  front  portion  of  the  first  floor  is  utilized  as  a  news- 
paper office;  the  remaining  half,  as  a  bank. 

Second  Floor.  The  rear  portion  of  the  second  floor,  Fig.  44,  is 
occupied  as  a  composing  and  linotype  room,  and  is  illuminated  chiefly 
by  means  of  drop-cords  from  outlets  located  over  the  linotype  machines 
and  over  the  compositors'  cases.  Separate  ^-horse-power  motors 
are  provided  for  each  linotype  machine,  the  circuits  for  the  same  being 
nm  underneath  the  floor. 

Upper  Floors.  A  typical  plan  (Fig.  45)  is  shown  of  the  upper 
floors,  as  they  are  similar  in  all  respects  with  the  exception  of  certain 
changes  in  partitions,  which  are  not  material  for  the  purpose  of  illus- 
tration or  for  practical  example.  The  circuit  work  is  sufficiently 
intelligible  from  the  plan  to  require  no  further  explanation. 

Interconnection  System.  Fig.  46  is  a  diagram  of  the  intercon- 
nection system,  showing  the  main  interconnection  box  located  in  the 
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Fig.  45.    Wiring  of  an  Office  Building. 

Typical  Plan  of  Upper  Floors,  Showing  Circuit  Work,  Schedule,  etc.   All  the  Floors  above 

the  Second  a^e  Similar  to  One  Another  in  Plan,  Differing  Only  in  Comparatively 

Unimportant  Details  of  Partitions. 
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Fig.  48.    Wiring  of  an  Office  Building.     Diagram  of  the  Interconnection  System. 
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basement;  adjoining  this  main  box  is  located  the  terminal  box  of  the 
local  telephone  company.  A  separate  system  of  feeders  is  provided 
for  the  ticker  system,  as  these  conductors  require  somewhat  heavier 
insulation,  and  it  was  thought  inadvisable  to  place  them  in  the  same 
conduits  with  the  telephone  wires,  owing  to  the  higher  potential  of 
ticker  circuits.  A  separate  interconnection  cable  runs  to  each  floor, 
for  telephone  and  messenger  call  purposes;  and  a  central  box  is  placed 
near  the  rising  point  at  each  floor,  from  which  run  subsidiary  cables 
to  several  points  symmetrically  located  on  the  various  floors.  From 
these  subsidiary  boxes,  wires  can  be  nm  to  the  various  offices  requiring 
telephone  or  other  service.  Small  pipes  are  provided  to  serve  as  race- 
ways from  office  to  office,  so  as  to  avoid  cutting  partitions.  In  this 
way,  wires  can  be  quickly  provided  for  any  office  in  the  building  with- 
out damaging  the  building  in  any  way  whatever;  and,  as  provision  is 
made  for  a  special  wooden  moulding  near  the  ceiling  to  accommodate 
these  wires,  they  can  be  run  around  the  room  without  disfiguring  the 
walls.  All  the  main  cables  and  subsidiary  wires  are  connected  with 
special  interconnection  blocks  numbered  serially;  and  a  schedule  is 
provided  in  the  main  interconnection  box  in  the  basement,  which 
enables  any  wire  originating  thereat,  to  be  readily  and  conveniently 
traced  throughout  the  building.  All  the  main  cables  and  subsidiary 
cables  are  run  in  iron  conduits. 

OUTLET-BOXES,  CUT-OUT  PANELS,  AND 
OTHER  ACCESSORIES 

Outlet-Boxes.  Before  the  introduction  of  iron  conduits,  outlet- 
boxes  were  considered  unnecessary,  and  with  a  few  exceptions  were 
not  used,  the  conduits  being  brought  to  the  outlet  and  cut  off  after  the 
walls  and  ceilings  were  plastered.  With  the  introduction  of  iron  con- 
duits, however,  the  necessity  for  outlet-boxes  was  realized;  and  the 
Rules  of  the  Fire  Underwriters  were  modified  so  as  to  require  their  use. 
The  Rules  of  the  National  Electric  Code  now  require  outlet-boxes  to 
be  used  with  rigid  iron  and  flexible  steel  conduits,  and  with  armored 
cables.     A  portion  of  the  rule  requiring  their  use  is  as  follows : 

All  interior  conduits  and  armored  cables  "must  be  equipped  at  every 
outlet  with  an  approved  outlet-box  or  plate. 

"Outlet-plates  must  not  be  used  where  it  is  practicable  to  install  outlet- 
boxes. 


189 


fi4 


KLI^.CTUIC  WmiNO 


"In  buildings  already  constructed,  where  the  conditions  are  such  that 
neither  outlet-box  nor  plate  can  be  installed,  these  appHancesmay  be  omitted 
by  special  permission  of  the  inspection  department  having  jurisdiction,  pro- 
viding the  conduit  ends  are  bushed  and  secured." 

Fig.  47  shows  a  typical  form  of  outlet-box  for  bracket  or  ceiling 
outlets  of  the  universal  type.  When  it  is  desired  to  make  an  opening 
for  the  conduits,  a  blow  from  a  hammer 
will  remove  any  of  the  weakened  portion 
of  the  wall  of  the  outlet-box,  as  may  be  re- 
quired. This  form  of  outlet-box  is  fre- 
quently referred  to  as  the  knock-out  type. 
Other  forms  of  outlet-boxes  are  made  with 
the  openings  cast  in  the  box  at  the  re- 
quired points,  this  class  being  usually 
stronger  and  better  made  than  the  univer- 
sal type.  The  advantages  of  the  universal 
tj'pe  of  outlet-box  are  that  one  form  of  box  will  serve  for  any  ordinary 
conditions,  the  openings  being  made  according  to  the  number  of 
conduits  and  the  directions  in  which  they  enter  the  box. 

Fig.  48  shows  a  waterproof  form  of  outlet-box  used  out  of  doors, 
or  in  other  places  where  the  conditions  require  the  use  of  a  water- 
tight and  waterproof  outlet-box. 

Tt  will  be  seen  in  this  case,  that  the  box  is  threaded  for  the  con- 


'ig.  47.    Universal  and 

Knock-Out  Type  of 

Outlet  Box. 
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Fig.  48.    Water-Tight  Outlet  Box. 
Courtesy  of  H.  Krantz  Manufacturing  Co.,  Brooklyn,  N.  1 . 

duits,  and  that  the  cover  is  screwed  on  tightly  and  a  flange  provided 
for  a  rubber  gasket. 
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Figs.  49  and  50  show  water-tight  floor  boxes  which  are  for  outlets 
located  in  the  floor.  While  the  rules  do  not  require  that  the  floor  outlet- 
box  shall  be  water-tight,  it  is  strongly  recommended  that  a  water- 
tight outlet  be  used  in  all  cases  for  floor  connections.  In  this  case 
also,  the  conduit  opening  is  threaded,  as  well  as  the  stem  cover  through 
which  the  extension  is  made  in  the  conduit  to  the  desk  or  table.  When 
the  floor  outlet  connection  is  not  required,  the  stem  cover  may  be 
removed  and  a  flat,  blank  cover  be  used  to  replace  the  same. 

A  form  of  outlet-box  used  for  flexible  steel  cables  and  steel  ar- 
mored cable,  has  already  been  shown  (see  Fig.  5). 

There  is  hardly  any  limit  to  the  number  and  variety  of  makes  of 
outlet-boxes  on  the  market,  adapted  for  ordinary  and  for  special  con- 


Fig.  49. 


Types  of  Floor  Outlet-Boxes. 


Fig.  50. 


ditions;  but  the  types  illustrated  in  these  pages  are  characteristic  and 
typical  forms. 

Bushings.  The  Rules  of  the  National  Electric  Code  require  that 
conduits  entering  junction-boxes,  outlet-boxes,  or  cut-out  cabinets 
shall  be  provided  with  approved  bushings,  fitted  to  protect  the  wire 
from  abrasion. 

Fig.  51  shows  a  typical  form  of  conduit  bushing.  This  bushing 
is  screwed  on  the  end  of  the  conduit  after  the  latter  has  been  intro- 
duced into  the  outlet-box,  cut-out  cabinet,  etc.,  thereby  forming  an 
insulated  orifice  to  protect  the  wire  at  the  point  where  it  leaves  the 
conduits,  and  to  prevent  abrasion,  grounds,  short  circuits,  etc.  A 
lock-nut  (Fig.  52)  is  screwed  on  the  threaded  end  of  the  conduit  before 
the  conduit  is  placed  in  the  outlet-box  or  cut-out  cabinet,  and  this 
lock-nut  and  bushing  clamp  the  conduit  securely  in  position.     Fig. 
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Fig.  51.    Conduit  Bushing. 


53  shows  a  terminal  bushing  for  panel-boxes  used  for  flexible  steel 
conduit  or  armored  cable. 

The  Rules  of  the  National  Electric  Code  require  that  the  metal 
of  conduits  shall  be  permanently  and  effectually  grounded,  so  as  to 

insure  a  positive 
connection  for 
grounds  or  leak- 
ing currents,  and 
in  order  to  pro- 
vide a  path  of 
least  resistance 
to  prevent  the 
current  from 
finding  a  path 
through  any  source  which  might  cause  a  fire.  At  outlet-boxes,  the 
conduits  and  gaspipes  must  be  fastened  in  such  a  manner  as  to 
insure  good  electrical  connection;  and  at  centers  of  distribution, 
the  conduits  should  be  joined  by  suitable  bond 
wires,  preferably  of  copper,  the  said  bond  wires 
being  connected  to  the  metal  structure  of  the 
building,  or,  in  case  of  a  building  not  having 
an  iron  or  steel  structure,  being  grounded  in  a 
permanent  manner  to  water  or  gas  piping. 
Fuse-Boxes,  Cut-Out  Panels,  etc.  From  the  very  outset,  the 
necessity  was  apparent  of  having  a  protective  device  in  circuit  with 
the  conductor  to  protect  it  from  overload,  short  circuits,  etc.  For 
this  purpose,  a  fusible 
metal  having  a  low 
melting  point  was  em- 
ployed. The  form  of 
this  fuse  has  varied 
greatly.  Fig.  54  shows 
a  characteristic  form 
of  what  is  known  as 
the  link  fuse  with  copper  terminals,  on  which  are  stamped  the  ca- 
pacity of  the  fuse. 

The  form  of  fuse  used  probably  to  a  greater  extent  than  any  other, 
although  it  is  now  being  superseded  by  other  more  modem  forms. 


Fig.  52.    Lock  Nut. 


mumf 


Fig.  63.    Panel-Box  Terminal  Bushing. 
Courtesy  of  Sprague  Electric  Co.,  New  York,  N.  >. 
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is  that  known  as  the  Edison  fuse-plug,  shown  in  Fig.  55.     A  porcelain 
cut-out  block  used  with  the  Edison  fuse  is  shown  in  Fig.  56. 

Within  the  last  four  or  five  years,  a  new  form  of  fuse,  known  as 
the  enclosed  fuse,  has  been  introduced  and  used  to  a   considerable 


g^ 


Fig.  54.    Copper-Tipped  Fuse  Link. 


Fig.  55.    Edison  Fuse-Plug, 
Cowtesy  of  General  ElectricCo., Schenectady. N.  Y. 


Fig.  56.  Porcelain  Cut-Out  Block 

Courtesy  o  fGeneralElectric  Co., 

Schenectady,  N.  Y. 


extent.  A  fuse  of  this  type  is  shown  in  Fig.  57.  Fig.  58  gives  a  sec- 
tional view  of  this  fuse,  showing  the  porous  filling  surrounding  the 
fuse-strips,  and  also  the  device  for  indicating  when  the  fuse  has 
blown.  This  form  of  fuse  is  made  with  various  kinds  of  terminals; 
.  it  can  be  used  with  spring  clips  in  small 

'^^^Mk  ^B  ^Bl^l  sizes,  and  with  a  post  screw  contact  in 
(^^^5BI^»^^^^Dl  larger  sizes.  For  ordinary  low  potentials 
^^f^SlH  B^B^^U  this  fuse  is  desirable  for  currents  up  to 
(_1BBl_M_^!^BbB  25  amperes;  but  it  is  a  debatable  ques- 
tion whether  it  is  desirable  to  use  an  en- 
closed fuse  for  heavier  currents.  Fig.  59 
shows  a  cut-out  box  with  Edison  plug 
fuse-blocks  used  with  knob  and  tube  wiring.  It  will  be  seen  that 
there  is  no  connection  compartment  in  this  fuse-box,  as  the  circuits 
enter  directly  opposite  the  terminals  with  which  they  connect. 

Fig.  60  shows  a  cut-out  panel  adapted  for  enclosed  fuses,  and 
installed  in  a  cab- 
inet having  a  con- 
nection compart- 
ment. As  will  be 
seen  from  the  cut, 
the  tablet  itself  is 
surrounded  on  the 
four  sides  by  slate, 
which  is  secured  in  the  comers  by  angle-irons.  The  outer  box  may 
be  of  wood  lined  with  sheet  iron,  or  it  may  be  of  iron.  Fig.  61 
shows  a  door  and  trim  for  a  cabinet  of  this  type.    It  will  be  seen  that 


^ 


©^ "^^ — 

Fig.  57.    Enclosed  or  "Cartridge"  Fuse. 


Fig.  58.    Section  of  Enclosed  Fuse. 
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the  door  opens  only  on  the  center  panel,  and  that  the  trim  covers  and 
conceals  the  connection  compartment.  The  inner  side  of  the  door 
should  be  lined  with  slate,  and  the  inner  side  of  the  trim  should  be 
lined  with  sheet  iron.  Fig.  62  shows  a  sectional  view  of  the  cabinet- 
ami  panel.  In  this  type  of  cabinet,  the  conduits  may  enter  at  any 
,.,  vs..,,,.  point,  the    wires  being 

run  to  the  proper  con- 
nectors in  the  connection 
compartment. 

Figs.  63  and  64  illus- 
trate a  type  of  panel- 
board  and  cabinet  hav- 
ing a  push-button  switch 
connected  with  each 
branch  circuit  and  so 
arranged  that  the  cut- 
out panel  itself  may  be 
enclosed  by  locked  doors, 
and  access  to  the  switches 
may  be  obtained  through 
two  separate  doors  pro- 
vided with  latches  only. 
This  tj-pe  of  panel  was  arranged  and  designed  by  the  author  of  this 
instruction  paper. 

OVERHEAD  LINEWORK 

The  advantages  of  overhead  linework  as  compared  with  under- 
ground linework  are  that  it  is  much  less  expensive;  it  is  more  reaxlily 
and  more  quickly  installed;  and  it  can  be  more  readily  inspected  and 
repaired. 

Its  principal  disadvantages  are  that  it  is  not  so  permanent  as 
underground  linework;  it  is  more  easily  deranged;  and  it  is  more 
unsightly. 

For  large  cities,  and  in  congested  districts,  overhead  linework 
should  not  be  used.  However,  the  question  of  first  cost,  the  question 
of  permanence,  and  the  municipal  regulations,  are  usually  the  factors 
which  determine  whether  overhead  or  underground  linework  shall 
be  used. 


Fig.  59.    Porcelain  Cut-Outs  In  Wooden  Box. 
Courtesy  of  IT.  T.  Paiste  Co.,  Philadelphia,  Pa. 
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The  principal  factors  to  be  considered  in  overhead  Unework  will 
be  briefly  outUned. 

Placing  of  Poles.  As  a  general  rule,  the  poles  should  be  set  from 
100  to  125  feet  apart,  which  is  equivalent  to  53  to  42  poles  per  mile. 
Under  certain  conditions,  these  spacings  given  will  have  to  be  modified ; 
but  if  the  poles  are  spaced  too  far  apart,  there  is  danger  of  too  great 
a  strain  on  the  poles  themselves,  and  on  the  cross-arms,  pins,  and 


Fig.  60.     Plan  View,  Cover,  and 
Section  of  Double  Cut-Out  Box. 


Fig.  61. 


Fig.  62. 


conductors.  If,  on  the  other  hand, 
they  are  placed  too  close  together, 
the  cost  is  unnecessarily  increased. 
The  size  and  number  of  conduct- 
ors, and  the  potential  of  the  line- 
work,  determine  to  a  great  extent 

the  distance  between  the  poles;  the  smaller  the  size,  the  less  the  num- 
ber of  conductors;  and  the  lower  the  potential,  the  greater  the  distance 
between  the  poles  may  be  made.  Of  course,  the  exact  location  of 
the  poles  is  subject  to  variation  because  of  trees,  buildings,  or  other 
obstructions.  The  usual  method  employed  in  locating  poles,  is  first 
to  make  a  map  on  a  fairly  large  scale,  showing  the  course  of  the  line- 
work,  and  then  to  locate  the  poles  on  the  ground  according  to  the  actual 
conditions. 
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Poles.  Poles  should  be  of  selected  quality  of  chestnut  or  cedar, 
and  should  be  sound  and  free  from  cracks,  knots,  or  other  flaws. 
Experience  has  proven  that  chestnut  and  cedar  poles  are  the  most 
durable  and  best  fitted  for  linework.  If  neither  chestnut  nor  cedar 
poles  can  be  obtained,  northern  pine  may  be  used,  and  even  other 
timber  in  localities  where  these  poles  cannot  be  obtained;  but  it  is 
found  that  the  other  woods  do  not  last  so  long  as  those  mentioned. 


Fig.  63.    Cut-Ont  Panel  with  Pnsh-Button  Switches.    Cover  Removed. 

and  some  of  the  other  woods  are  not  only  less  strong  initially,  but  are 
apt  to  rot  much  quicker  at  the  "wind  and  water  line" — that  is,  just 
above  and  below  the  surface  of  the  ground. 

The  proper  height  of  pole  to  be  used  depends  upon  conditions. 
In  country  and  suburban  districts,  a  pole  of  25  to  30  feet  is  usually 
of  sufficient  height,  unless  there  are  more  than  two  or  three  cross-arms 
required.  In  more  densely  populated  districts  and  in  cities  where  a 
great  number  of  cross-arms  are  required,  the  poles  may  have  to  be 
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40  to  60  feet,  or  even  longer.  Of  course,  the  longer  the  pole,  the 
greater  the  possibility  of  its  breaking  or  bending;  and  as  the  length 
increases,  the  diameter  of  the  butt  end  of  pole  should  also  increase. 
Table  X  gives  the  average  diameters  required  for  various  heights  of 
poles,  and  the  depth  the  poles  should  be  placed  in  the  ground.  These 
data  have  been  compiled  from  a  number  of  standard  specifications. 

TABLE  X 
Pole  Data 


Depth  Pole  should 

Length  of  Poi.k 

Diameter  6  In 

Diameter  at  Top 

BE  Placed  in 

FROM  Butt 

Ground 

25  feet 

9  to  10  in. 

6  to  8  in. 

5  feet 

30  " 

11  " 

5i  " 

35  " 

12  " 

5i  " 

40  " 

13  " 

6   " 

45  " 

14  " 

6J  " 

50  " 

15  " 

7   " 

55  " 

16  to  17  " 

7i  " 

60  " 

18  " 

7i  " 

65  " 

19  " 

8   " 

70  " 

20  " 

8   " 

75  " 

21  " 

8i  " 

80  " 

22  " 

9   " 

As  it  is  somewhat  difficult,  becaxise  of  irregularities  in  size,  to  measure  the  diame- 
ter of  some  poles,  the  circumference  may  be  measured  instead:  then,  by  multiplying 
the  diameters  given  in  the  above  table,  by  3.1416,  the  measurements  may  be  reduced 
to  the  circumference  in  inches. 

The  minimum  diameters  of  the  pole  at  the  top,  which  should  be 
allowed,  will  depend  largely  on  the  size  of  the  conductors  used,  and 
on  the  potential  carried  by  the  circuits;  the  larger  the  conductors 
and  the  higher  the  potentials,  the  greater  should  be  the  diameter  at 
the  top  of  the  pole. 

Poles  should  be  shaved,  housed,  and  gained,  also  cleaned  and 
ready  for  painting,  before  erection. 

Poles  should  usually  be  painted ^  not  only  for  the  sake  of  appear- 
ance, but  also  in  order  to  preserve  them  from  the  weather.  It  is  par- 
ticularly important  that  they  should  be  protected  at  their  butt  end,  not 
only  where  they  are  surrounded  by  the  ground,  but  for  a  foot  or  two 
above  the  ground,  as  it  is  at  this  point  that  poles  usually  deteriorate 
most  rapidly.  Painting  is  not  so  satisfactory  at  this  point  as  the  use 
of  tar,  pitch,  or  creosote.  The  life  of  the  pole  can  be  increased  con- 
siderably by  treating  it  with  one  or  another  of  these  preservatives. 


103 


72 


ELECTRIC  WIRING 


Before  any  poles  are  erected,  they  should  be  closely  inspected  for 
Haws  and  for  crookedness  or  too  great  departure  from  a  straight  line. 
Where  appearance  is  of  considerable  importance,  octagonal  poles 
may  be  used,  although  these  cost  considerably  more  than  round  poles. 
Gains  or  notches  for  the  cross-arms  should  be  cut  in  the  poles  before 
they  are  erected,  and  should  be  cut  square  with  the  axis  of  the  pole, 
and  so  that  the  cross-arms  will  fit  snugly  and  tightly  within  the  space 
thus  provided.    These  gains  should  be  not  less  than  41  inches  wide, 


Fig. «.    Cut-Out  Panel  with  Push-Button  Switches.    With  Cover. 

nor  less  than  J  inch  deep.  Gains  should  not  be  placed  closer  than  24 
inches  between  centers,  and  the  top  gains  should  be  at  least  9  inches 
from  the  apex  of  the  pole. 

Pole  Guying.  Wliere  poles  are  subject  to  peculiar  strains  due 
to  unusual  stress  of  the  wires,  such  as  at  corners,  etc.,  guijs  should  be 
employed  to  counteract  the  strain  and  to  prevent  the  pole  from  being 
bent  and  finally  broken,  or  from  being  pulled  from  its  proper  position. 
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Where  there  are  a  consider- 
able number  of  wires  on  the  poles, 
or  in  case  of  unusually  long 
poles,  or  where  the  linework  is 
subject  to  severe  storms,  it  is 
frequently  necessary  to  guy  the 
poles  even  on  straight  linework. 
In  such  cases,  the  guys  should 
extend  from  a  point  near  the  top 
of  the  pole  to  a  point  near  the 
butt  of  the  adjacent  pole. 
Straight  guying  should  also  be 
employed  at  the  terminal  pole, 
the  guy  extending  to  a  stub 
beyond  the  last  pole,  to  counter- 
act the  strain  of  the  wires  pull- 
ing in  the  opposite  direction.  On 
particularly  heavy  lines,  it  is 
sometimes  necessary  to  use 
straight  guys  for  the  second  and 
even  the  third  pole  from  the  ter- 
minal pole,  to  prevent  undue 
strain  on  the  terminal  pole  itself, 
as  shown  in  Fig.  65. 

Where  there  are  three  or 
more  cross-arms,  either  two  sets 
of  guys  should  be  employed,  or 
else  a  "Y"  form  of  guy  should 
be  used.  If  a  single  guy  is  used 
on  a  long  pole  or  on  a  pole  car- 
rying a  number  pf  cross-arms,  or 
on  which  there  is  unusual  strain, 
the  pole  is  apt  to  break  where 
the  guy  is  attached.  Figs.  66  and 
67  show  respectively  a  proper  and 
an  improper  method  of  guying, 
and  their  effect. 
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At  comers,  or  wherever  the  direction  of  the  Hnework  changes, 
guys  should  be  provided  to  counteract  the  strain  due  to  the  change  in 
direction.  Guys  are  also  necessary  at  points  where  poles  are  set  in 
other  than  a  vertical  position. 

Where  the  soil  is  not  firm  or  solid,  or  where  poles  are  subject  to 
unusual  stress,  it  is  sometimes  necessary  to  obtain  additional  stiffness 
by  what  is  known  as  crib-bracing,  as  may  be  seen  from  Fig.  68.  This 
consists  of  placing  two  short  logs  at  the  butt  of  the  pole.  These 
logs  need  not  be  more  than  4  to  5  feet  long,  or  more  than  8  to  9  inches 


Fig.  66.    Proper  Method  of  Guying  where  there  are  Three  or  More  Cross- Arms 
A  Y.form  of  Guy  is  Used  at  Left;  Double  Guy  at  Right. 

in  diameter.  This  crib-bracing  is  sometimes  also  necessary  to  give 
greater  stability  to  stubs  or  short  poles  to  which  guys  are  fastened. 

While,  as  a  rule,  it  is  not  advisable  to  use  trees  for  guy  supports, 
it  is  sometimes  necessary  to  do  this,  but  the  trees  should  be  sound  and 
should  be  protected  in  a  proper  manner  from  injury.  On  private 
property,  permission  should  first  be  obtained  from  the  owner  to  use 
the  tree  for  such  purpose. 

The  guy  itself  should  be  of  standard  cable,  consisting  of  7  strands 
of  No.  12  B.  &  S.  Gauge  iron  or  steel  wire.  This  is  the  standard 
guy  cable,  and  should  be  used  in  all  cases,  except  for  very  light  poles 
and  light  Hnework,  where  a  smaller  cable  having  a  minimum  diameter 
of  \  inch  may  be  used.  The  guy  wires  should  be  fastened  at  the  ends 
by  means  of  suitable  clamps.  All  guy  cables  and  clamps  should  be 
heavily  galvanized,  to  prevent  rusting. 
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Corners.     In  cases  of  heavy  linework  where  there  are  a  con- 
siderable number  of  wires  and  cross-arms,  the  turns  should  be  made. 


Fig.  67.    Improper  Method  of  Guying  where  there  are  Three  or  More  Cross- Arms. 
Strain  is  CJoncentrated  at  one  Point,  Causing  Rupture  of  Pole. 


if  possible,  by  the  use  of  two  poles.  In  cases  where  there  are  only  a 
few  wires,  a  double  cross-arm  may  be  employed,  using  a  single  pole. 
The  two  methods  are  illustrated  in  Figs.  69  and  70. 


Fig. 


Additional  Stiffness  Secured  by  Use  of  Crib-Bracing. 


Cross-Arms.    Cross-arms,  where   possible,   should   be   of  long 
leaf  yellow  pine,  or  of  Oregon  or  Washington  fir,  of  sound  wood. 
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thoroughly  seasoned  and  free  from  sap,  cracks,  or  large  knots.  They 
should  be  not  less  than  3}  inches  thick  by  4  J  inches  deep,  the  length 
depending  upon  the  number  of  pins  required. 

Cross-arms,  after  being  properly  seasoned,  shoukl  be  painted 
with  two  coats  of  lead  paint  before  erection.  They  should  then  be 
snugly  fitted  into  the  gain  of  the  pole,  and  securely  fastened  with 
a  bolt  not  less  than  |  inch  in 
diameter  driven  through  a 
hole  of  slightly  less  diameter 
previously  bored  in  the  pole. 
A  galvanized-iron  washer 
not  less  than  2  inches 
diameter  should  be  placec] 
under  the  head  and  nut  of 


Fig.  69. 


each  bolt.  Tlie  cross- 
arms  should  be  at  right 
angles  to  the  pole,  and 
should  be  parallel  to  one 
another  where  two  or 
more  arms  are  used  on 
the  same  pole. 

The  cross-arms 
should  be  braced  with 
galvanized-iron  braces  approximately  1^  inches  wide,  J  inch  thick, 
and  from  18  to  30  inches  in  length.  The  braces  should  be  fastened 
to  the  cross-arm  by  means  of  |-inch  galvanized-iron  bolts  passing 
through  the  brace  and  the  cross-arm,  washers  being  used  under  the 
nut  and  head  of  each  bolt.  Guys  should  be  provided  for  the  cross- 
arms  in  case  of  unusual  strain.  The  dimensions  of  cross-arms  re- 
quired for  various  numbers  of  pins,  are  given  verv  completely  in  a 


Two-Poles  Used  in  Making  Turn 
on  Heavy  Line. 


■^i^ 
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paper  read  by  Mr.  Paul  Spencer  before  the  Atlantic  City  Convention 
of  the  National  Electric  Light  Association  in  1906,  and  reprinted 
in  a  number  of  the  technical  journals. 

Wherever  practicable,  cross-arms  should  be  placed  on  the  poles 
before  the  poles  are  erected,  as  not  only  can  they  be  more  securely 
fastened  when  the  poles  are  on  the  ground,  but  the  cost  of  erection 
is  thereby  considerably  reduced. 

Pins.  Pins  should  be  of  selected  locust,  not  less  than  IJ  inches 
in  diameter  at  the  shank  portion,  and  not  less  than  j  inch  in  diameter 
at  the  point  where 
they  rest  upon  the 
cross-arm.  For  po- 
tentials of  20,000 
volts  or  over,  the 
pins  should  be  of 
metal,  to  avoid  car- 
bonization of  the 
wood  due  to  static 
leakage.  The  top 
portion  of  the  pin 
(if  of  wood)  should 
be  not  less  than  one 
inch  in  diameter. 
The  length  of  lx)th 
the  shank  and  the 
upper  portion 
should  be  each  ap- 
proximately 4J  inches,  making  the  total  length  approximately  9 
inches.  The  pin  should  be  threaded  and  tapered,  and  accurately  cut. 
The  pin  should  fit  the  hole  in  the  cross-arm  snugly,  and  should  be 
nailed  to  the  cross-arm  with  a  sixpenny  galvanized -iron  wire  nail 
driven  straight  through  the  center  of  the  shank  of  the  pin. 

Insulators.  For  potentials  of  3,000  volts  or  less,  insulators 
should  be  of  flint  glass,  of  double-petticoat,  deep-grooved  type.  For 
potentials  of  over  3,000  volts,  they  should  be  of  the  triple-petticoat 
type,  and  preferably  of  porcelain,  and  should  be  of  special  pattern 
adapted  for  the  potential. 

Service    A'ains,  Pole  Wiring,  etc.    For  service  connections — 


Fig.  70.    Double  Cross- Arm  Used  on  Single  Pole  to  Make  Turn 
in  Heavy  Line  Carrying  Only  a  Few  Wires. 
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that  is,  for  the  mains  run  to  service  switches  in  consumers*  residences 
or  other  buildings,  conductors  of  not  less  than  No.  8  B.  &  S.  Gauge 
should  be  used  in  order  to  obtain  the  necessary  tensile  strength. 
Where  possible,  the  circuits  should  be  arranged  in  such  a  manner  as  to 
have  the  service  main  connect  with  the  line  on  the  lowest  cross-arm, 
in  order  to  prevent  crossing  of  wires.  The  transformers  should  be 
installed  either  on  poles  or  in  vaults  outside  of  the  building,  or,  where 
this  is  impracticable,  in  a  fireproof  vault  or  other  enclosed  space 
inside  of  the  building  itself.  Small  transformers  may  be  fastened  to 
a  pair  of  cross-arms  secured  to  the  pole  itself.  For  transformers  of 
25  K.  W.  and  over,  it  is  usually  best  to  provide  special  poles.  '  It  is 
inadvisable  to  place  transformers  on  building  walls. 

Where  appearance  is  of  importance,  when  the  transformer  is 
placed  underground,  or  when  the  wires  enter  the  lower  portion  of  a 
building,  the  conductors  must  be  run  underground.  In  such  cases,  a 
splice  should  be  made  between  the  weatherproof  conductors  and 
rubber-insulated  lead -sheathed  conductors,  at  a  height  of  about  15 
to  20  feet  above  the  ground,  and  the  mains  run  in  iron  pipe  down  the 
pole  to  a  point  underground,  where  they  may  be  continued  either  in 
iron  pipe  or  in  vitrified  or  fiber  conduits  underground  to  the  point 
of  entrance. 

All  circuit  wiring  on  poles  should  be  so  arranged  as  to  leave  one 
side  free  for  the  linemen  to  climb  the  poles  without  injuring  the  con- 
ductors. As  a  rule,  all  poles  on  which  transformers,  lightning  arresters, 
or  fuse-boxes  are  located,  should  be  provided  with  steps. 

In  order  to  limit  the  area  of  disturbance  of  a  short  circuit  or 
overload,  fuses  should  be  inserted  in  each  leg  of  a  primary  circuit 
in  making  connections  to  transformers,  or  where  tap  or  branch  con- 
nections are  made.  The  fuses  should  have  a  capacity  of  approxi- 
mately 50  per  cent  greater  than  the  transformer  or  conductor  which 
they  protect.  Of  course,  it  would  be  undesirable  to  have  an  excessive 
number  of  fuses,  and  for  short  branch  lines  they  might  frequently 
be  undesirable;  but  for  important  branch  lines,  they  should  be  em- 
ployed in  order  to  prevent  the  fuse  on  the  main  feeder  from  being 
blown  in  case  of  disturbance  on  the  branch  line. 

Lightning  arresters  should  be  placed  on  the  linework  in  places 
particularly  exposed  to  lightning  discharges,  and  at  all  points  where 
connections  are  made  to  enter  a  building.     The  location  and  number 
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of  lightning  arresters  will  depend  upon  local  conditions,  the  likelihood 
and  frequency  of  thunderstorms,  etc.  Where  lightning  arresters  are 
provided,  it  is  essential  that  a 
good  ground  connection  be  obtained. 
The  ground  connection  should  be 
made  by  a  fairly  good-sized  insu- 
lated rubber  conductor,  not  less 
than  No.  6  B.  &  S.  Gauge,  con- 
necting either  with  a  water  pipe 
to  which  it  should  be  clamped,  or 
fastened  in  such  a  manner  as  to 
obtain  a  good  electric  contact,  or 
else  to  a  ground-plate  of  copper 
embedded  in  crushed  charcoal  or 
coke. 

-  The  neutral  wire  of  a  three- 
wire  of  both  secondary  alternating- 
current  systems  and  direct-current 
systems,  should  be  properly 
grounded  as  required  by  the  National  Electric  Code  (see  Rules  12, 
13,  and  13-A). 

Lamps  on  Poles.    Fig.  71  shows  the  method  of  wiring  to  and 
supporting  a  lamp  located  on  a  pole. 


Fig.  71.    Method  of  Wiring  to  and  Sup- 
porting Lamp  on  Pole. 


UNDERGROUND    LINEWORK 

In  large  cities,  or  in  congested  districts,  or  where  the  appearance 
of  overhead  linework  is  objectionable,  it  is  generally  necessary  to 
place  the  conductors  underground  instead  of  overhead. 

The  advantages  of  underground  linework  are — first,  that  of 
appearance;  second,  it  is  more  permanent  and  less  liable  to  inter- 
ruption than  overhead  work. 

The  principal  disadvantage  of  underground  work  is  the  greater 
first  cost.  In  overhead  linework,  conductors  having  weatherproof 
insulators  consisting  of  cotton  dipped  in  a  special  compound  similar 
to  pitch,  are  used,  the  cost  of  which  is  relatively  small.  For  under- 
ground linework,  however,  the  conductors  must  not  only  have  rubber 
insulation,   but  also  a   lead   sheathing  for  mechanical   protection. 


801 


80  ELECTRIC  WIRING 


Furthermore,  the  cost  of  the  ducts,  trenching,  concrete  work,  laying 
the  ducts,  etc.,  is  much  greater  than  the  cost  of  poles,  cross-arms,  etc. 

As  in  the  case  of  inside  wiring,  underground  Hnework  should 
be  so  arranged  that  the  conductors  may  be  readily  removed  and  re- 
placed without  disturbing  the  underground  conduits  or  ducts.  The 
system  should  be  arranged  with  manholes,  and  in  such  a  manner  that 
changes  or  additions  or  branches  may  be  readily  and  conveniently 
made.  In  order  to  provide  for  the  removal  and  replacing  of  con- 
ductors, and  also  for  growth  in  the  system,  the  method  formerly  in 
vogue,  of  embedding  the  conductors  in  wooden  boxes,  or  in  trenches 
underground,  has  been  abandoned;  and  the  conductors  are  now 
placed  in  conduits  or  ducts.  A  number  of  different  forms  of  ducts  and 
conduits  have  been  introduced,  some  of  which  have  been  dropped  as 
cheaper  and  better  forms  have  been  introduced.  The  forms  of  con- 
duits or  ducts  now  most  generally  employed  include  iron  pipe,  vitrified 
c(mduits,  and  fibre  cmiduit.  As  all  three  of  these  forms  of  conduit 
are  very  generally  employed,  they  will  now  be  described,  as  well  as  the 
method  of  installing  them. 

Iron  Pipe.  Three-inch  iron  conduit  is  frequently  used  for  under- 
ground linework,  particularly  for  short  runs  or  where  there  are  not 
more  than  two  or  three  ducts  required,  or  where  the  soil  is  baxi  and 
where  the  longer  lengths  and  more  stable  joints  of  the  iron  conduit 
would  make  it  more  desirable  than  vitrified  duct  or  fibre  conduit. 
This  conduit,  however,  is  generally  undesirable  on  account  of  its 
greater  first  cost,  and  also  on  account  of  its  liability  to  deterioration 
from  rust  or  corrosion.  Where  iron  conduit  is  used,  and  where  it  is 
subject  to  corrosion,  it  should  be  coated  with  asphaltum  or  other 
similar  protective  composition.  While  it  is  not  necessary  to  have  a 
concrete  bed  under  iron  pipe,  it  is  better  to  provide  such  a  bed,  especi- 
ally where  the  soil  is  shifting  or  not  solid. 

Vitrified  Tile  Conduit.  This  type  of  conduit  in  both  the  single- 
and  multiple-duct  form,  is  used  more  extensively  than  any  other  form 
of  conduit  for  underground  work.  It  is  made  in  lengths  of  18  inches 
for  the  single-<luct  form,  and  in  considerably  greater  lengths  in  the 
multiple-duct  form.  Fig.  72  shows  the  single-duct  conduit,  and 
Fig.  73  shows  a  multiple-duct  form  of  conduit. 

Vitrified  conduit  requires  less  space  for  the  same  number  of 
ducts  than  any  other  form,  and  is  particularly  desirable  where  a  great 
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number  of  ducts  are  required  in  a  small  space.  The  advantages  of 
this  form  of  conduit  are  that  it  is  cheap  in  first  cost;  after  being 
laid,  it  is  practically  indestructible;  it  is  not  subject  to  corrosion  or 


^® 


Fig.  73.    Seif-Centering  Duct, 
Vitrifled  Conduit. 
Courtesy  of  Standard  Vitrifled  Conduit  Co., 
New  York,  N.  Y. 


Fig.  73.    Multiple  Duct,  Vitrifled 
Conduit. 
Courtesy  of  Standard  Vitrifled  Conduit  Co., 
New  York,  N.  Y. 


deterioration;  it  is  not  combustible;  it  is  fairly  strong  mechanically; 
and  it  does  not  require  skilled  labor  to  install. 

Table  XI  gives  the  principal  data  of  one  of  the  well-known 
makes  of  vitrified  conduit  • 

TABLE   XI 
Standard  Vitrified  Conduit 


Dimension 

Dimension 

Outside 

Req. 

Short 
Lengths 
(Inches) 

Approx. 

OF  Square 

OF  Round 

Dimensions 

Stock 

Weight 

Style  of  Conduit 

Duct 

Duct 

OF  End  Sec- 

Lengths 

perDuct 

(Inches) 

(Inches) 

tion  (In.) 

(Inches) 

(Foot) 

2-ducfc  multiple. .  . 

3|  sq. 

3i 

5x    9 

24 

6,  9,  12 

8  lbs. 

3-duct  multiple. .  . 

3i    sq. 

3i 

5x13 

24 

6,  9,  12 

,    8    " 

4-duct  multiple. . . 

3i   sq. 

3i 

9x    9 

36 

6,  9,  12 

8    " 

6-duct  multiple. .  . 

3j   sq. 

3i 

9x  13 

36 

6,9,  12 

8    " 

9-duct  multiple. .  . 

3i   sq. 

3i 

13x  13 

36 

6,  9,  12 

8    " 

Common  single 

3f 

5x5 

18 

6,  9,  12 

8    " 

Single  duct,  self- 

centering  

31 

5x5 

18 

6,  9,  12 

10    " 

Round  single  duct, 

self-centering. .  . 

3i 

5  in.  round 

18- 

6,9,  12 

10    " 

In  installing  vitrified  conduit,  a  trench  following  as  straight 
lines  as  possible  should  be  dug  to  such  a  depth  that  there  will  be  a 
space  of  at  least  18  inches  from  the  top  layer  of  the  duct  to  the  street 
surface.  The  bottom  of  the  trench  should  be  level;  and  a  bed  of 
good  cement  concrete  not  less  than  3  inches  thick  should  be  laid. 
The  following  instructions*  for  installing  vitrified  conduit  may  be 
considered  as  typical  of  the  best  up-to-date  practice: 

*From  the  Catalogue  of  the  Standard  Underground  Conduit  Company. 
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Laying  of  Conduit.  When  the  trench  has  been  properly  pre- 
pared and  the  concrete  foundation  set,  the  laying  of  conduit  should  be 
begun.  The  ends  of  the  conduit  should  be  butted  against  the  shoulder 
of  the  conduit  terminal  brick;  short  length  should  be  used  for  the 
breaking  of  joints. 

Care  should  be  taken,  when  each  length  of  conduit  is  laid,  that 
the  duct  hole  is  perfectly  clear  and  the  conduit  level.  The  work  may 
then  proceed;  and  if  the  following  instructions  are  carried  out,  no 
difficulty  will  be  encountered  after  the  duct  are  laid. 

When  the  first  piece  of  conduit  is  laid  and  the  keys  inserted, 
one  on  the  top  and  one  on  the  side  of  the  duct,  the  burlap  for  joints 
should  be  slipped  partly  under  the  conduit,  and  the  next  piece  brought 
up  and  connected.  The  burlap  is  then  brought  up  and  wrapped 
around  the  conduit.  After  this  operation  is  completed,  a  thin  layer 
of  cement  mortar  is  plastered  around  the  burlap,  extending  over  the 
edges,  so  as  to  cover  the  scarified  portion  of  the  conduit  so  that  it 
may  adhere  to  it,  thus  making  the  joint  practically  water-tight. 

The  burlap  should  be  first  prepared  in  strips  of  not  less  than  6 
inches  in  width,  and  of  suitable  length  to  wrap  around  the  conduit, 
overlapping  about  6  inches.  If  possible,  the  burlap  should  be  satur- 
ated in  asphaltum  or  pitch;  but  if  this  is  not  convenient,  it  may  be 
dipped  in  water  so  as  to  stick  to  the  conduit  until  the  joint  has  been 
cemented.  The  engineer  or  foreman  in  charge  should  personally 
oversee  the  making  of  the  joint,  and  especially  see  that  the  keys  are 
inserted,  as  in  many  instances  they  are  left  out  by  the  workmen, 
causing  considerable  trouble  and  expense.  Sufficient  time  should  be 
allowed  for  the  joints  to  harden. 

After  the  duct  are  laid,  the  sides  are  filled  in  with  either  concrete 
or  dirt,  as  specified,  care  being  taken  that  the  conduit  are  not  forced 
out  of  alignment  by  the  careless  filling-in  of  the  sides.  The  top  layer 
of  concrete  may  then  be  laid  and  leveled. 

After  this  the  trench  is  ready  for  filling  in. 

In  the  laying  of  our  self-centering  single-duct  conduit,  no  dowel- 
pins  are  used,  the  ducts  being  self-centering — one  piece  of  conduit 
.socketing  into  the  other.  Burlaping  and  cementing  of  joint  is  not 
necessary.  Otherwise  the  instructions  for  the  laying  of  multiple- 
duct  should  be  followed.  The  use  of  a  mandrel  in  laying  self- 
centering  conduit  is  suj)erflupus. 
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As  each  section  of  the  system — that  is,  from  manhole  to  man- 
hole— is  completed,  it  should  be  rodded  to  insure  the  duct  being  clear. 
For  this  purpose  wooden  rods  are  employed,  the  rods  being  from 
3  to  4  feet  long  by  one  inch  in  diameter  and  provided  with  brass 
couplings  on  the  ends.  The  first  rod  is  pushed  into  the  duct  chamber, 
the  second  one  is  then  attached,  and  then  the  third  and  so  on,  until  the 
first  rod  appears  in  the  manhole  at  the  opposite  end. 

A  wooden  mandrel  about  10  inches  long,  made  to  conform  to 
the  shape  of  the  duct,  but  about  J  inch  smaller  in  diameter,  is  attached 
to  the  last  rod,  and  a  galvanized -iron  wire  is  then  attached  to  the  other 
end  of  the  mandrel.  The  rods  are  drawn  through  the  duct  and 
uncoupled,  until  the  mandrel  has  passed  through  the  ducts.  The 
wire  is  left  remaining  in  the  chamber,  and  secured  in  the  manhole  to 
prevent  its  being  pulled  out.  The  same  operation  is  repeated  until 
all  the  ducts  are  tested  and  wired.  Should  obstructions  be  met  with 
and  the  mandrel  bind,  the  location  of  the  obstructions  can  readily  be 
ascertained  from  the  length  of  rod  yet  remaining  in  the  duct,  and  can 
easily  be  removed.  This  method  is  far  better  than  pulling  the 
mandrel  through  as  the  ducts  are  laid,  as  in  many  cases  the  duct  is 
obstructed  or  thrown  out  of  alignment  by  the  filling-in  of  the  con- 
crete or  trench,  and  this  would  not  be  noticed  until  an  attempt  was 
made  to  draw  the  cable.  The  wire  left  in  the  duct  is  used  in  drawing 
the  cables. 

Fibre  Conduit.  This  type  of  conduit  consists  of  wood  fibre 
formed  into  a  tube  over  a  mandrel  under  pressure.     After  the  tube 


Fig.  74.    Socket-Joint  Fibre  Conduit. 

is  formed  on  the  mandrel,  it  is  removed,  and,  after  being  dried  in 
air,  is  placed  in  a  tank  of  preservative  and  insulating  compound. 

Fibre  conduits  are  made  in  three  different  styles — namely,  the 
socket- joint,  sleeve-joint,  and  screw- joint  types,  shown  respectively  in 
Figs.  74,  75,  and  76.  The  forms  of  conduit  here  shown  are  made  by 
the  Fibre  Conduit  Company,  of  Orangeburg,  New  York. 

In  the  socket-joint  type,  the  connections  between  the   lengths 
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of  conduit  are  made  by  means  of  male  and  female  joints  turned  on 
the  ends  of  the  conduit  so  that  it  is  necessary  only  to  push  one  length 
within  the  other  to  secure  alignment  without  the  use  of  a  sleeve- 
coupling  or  other  device.    While  this  is  the  cheapest  and  simplest 


Fig.  75.    Sleeve-Joint  Fibre  Conduit. 

form  of  fibre  conduit,  the  joint  is  not  so  secure  as  in  either  of  the  other 
two  types. 

The  sleeve-joint  fibre  conduit  has  the  ends  of  each  joint  turned 
so  that  a  sleeve  may  be  slipped  over  the  turned  portion  and  butted  up 
against  the  shoulder  on  the  tubes.  These  sleeves  are  about  4  inches 
long  and  f  inch  thick.  WTiile  this  form  of  joint  is  more  secure  than 
the  socket  type,  it  is  not  so  secure  as  the  screw-joint  type. 

The  screw-joint  type  of  fibre  conduit  is  manufactured  with  a 
slightly  thicker  wall  than  the  socket-joint  type,  in  order  to  obtain  the 
necessary  thickness  for  getting  the  thread  on  the  end  of  the  pipe.  The 
sleeve  in  this  case  is  threaded;  and,  instead  of  being  slipped  on  the 
conduit,  as  in  the  case  of  the  sleeve-joint  type,  it  is  screwed  on,  and 
the  thread  may  be  filled  with  compound  and  a  water-tight  joint  thereby 
obtained.  Various  special  forms  of  elbows,  bends,  junction-boxes, 
tees,  etc.,  are  provided  for  this  conduit,  for  special  connections. 
Couplings  are  also  made  so  that  joints  can  be  made  between  fibre 
conduit  and  iron  pipe,  where  it  is  desirable  to  make  such  a  connection. 

The  advantages  of  fibre  conduit  are — f,rsty  that  it  is  lighter  than 
any  of  the  other  forms  of  conduit,  which  reduces  the  cost  of  trans- 
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Fig.  76.    Screw-Joint  Fibre  Conduit. 


portation,  carting,  and  handling;  and  second j  that  the  cost  of  labor 
for  installing  it  is  less  than  in  the  case  of  iron  pipe,  and  less  than  that 
of  the  single-duct  tile  pipe.  Table  XII  skives  the  principal  data 
relating  to  fibre  conduit. 
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TABLE  XII 

Fibre  Conduit 


Inside 
Diameter 
(Inches) 

Type  of  Conduit 

Length 

(Feet) 

Thickness  of 
Wall  (Inches) 

Approx. 
Weight  per 
Foot  (lbs.) 

1 

Socket-joint 

2-i 

1 

0.50 

li 

11           << 

5 

■y 

0.70 

2 

((           (( 

5 

1 

0.85 

2i 

(<           (< 

5 

1 

1.02 

3 

<(           (( 

5 

i 

1.20 

3i 

((           (( 

5 

i 

1.40 

4 

U                       It 

5 

i                          * 

1.60 

n 

Sleeve-joint 

5 

i 

0.80 

2 

<(           (( 

5 

i 

0.95 

2i 

<(           << 

5 

i 

1.15 

3 

((           11 

5 

iV 

2.40 

3i 

"           " 

5 

t'b 

2.90 

4 

((           it 

5 

i 

3.33 

H 

Screw-joint 

5 

Y\ 

1.00 

2 

<(           « 

5 

I 

1.45 

2i 

(1           It 

5 

t 

1.75 

3 

((           <( 

5 

T^ff 

2.40 

3i 

"           " 

5 

tV 

2.90    . 

4 

5 

i 

3.33 

Fig.  77  shows  the  method  of  laying  fibre  conduit  in  a  trench. 

A  concrete  bed  should  be  provided  for  all  three  types  of  fibre 
conduit.  Where  the  ground  is  moist  or  where  there  is  likelihood  of 
water  getting  in  the  joints,  it  is  advisable  to  make  a  complete  envelope 
around  the  conduit. 

The  joints  should  be  carefully  dipped  in  or  coated  with  a  special 
liquid  compound  provided  for  this  purpose,  so  as  to  insure  water- 
tightness.  The  cables  should  be  spaced  about  \\  inches  apart,  by 
means  of  wooden  separators;  and  the  spaces  between  the  ducts,  and 
between  the  walls  of  the  trench  and  the  outer  ducts,  should  be  filled 
with  a  thin  grouting  of  cement  and  sand.  If  more  than  one  horizontal 
row  of  ducts  are  installed,  the  grouting  of  each  row  should  be  smoothed 
over  so  as  to  prepare  a  base  for  the  next  row  of  ducts. 

To  fish  the  conductors  in  fibre  conduit,  it  is  not  necessary  to  fol- 
low the  method  of  rodding  usually  required  with  vitrified  conduits; 
but  it  is  found  that  by  utilizing  a  solid  No.  6  iron  wire,  and  fishing 
from  one  manhole  to  the  next,  the  mandrels  and  brush  can  be  attached 
to  the  end  of  the  wire  and  pulled  through  the  conduits,  thus  insuring 
that  the  joints  are  smooth  and  that  there  are  no  obstructions  in  the 
conduit.    To  prevent  accidental  clogging  of  the  ends  of  the  con- 
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duit,  wooden  plugs  should  be  installed  in  the  openings  of  all  un- 
finished conduit  work,  or  in  all  unoccupied  cable  ducts  at  manholes. 
Drawing  In  the  Cables.  After  the  conduits  have  been  tested  by 
means  of  the  mandrel  to  ascertain  that  they  are  continuous  and  that 
the  joints  are  smooth,  the  work  of  installing  the  cables  may  be  started. 
Special  precaution  should  be  taken  to  prevent  sharp  bending  of  the 
cables,  and  thus  to  prevent  injury  to  the  lead  sheathing  of  the  rubber 

insulation.  If  the 
cable  is  light  and 
of  small  diam- 
eter, the  distance 
notover  300  feet, 
and  the  run  fairly 
straight,  the  ca- 
ble can  usually 
be  pulled  in  by 
hand;  but  often 
other  means 
must  be  provided 
so  as  to  secure 
sufficient  power. 
Precautions 
should  be  taken, 
however,  to 
avoid  placing  too 
great  a  strain  on 
the  cables,  as  it 
is  liable  to  in- 
jure them,  and 
the  injuries  may 

not  show  up  immediately,  but  may  cause  trouble  later.  The  remedy 
is  to  avoid  placing  the  manholes  too  far  apart,  and  to  have  the  runs  as 
straight  as  possible;  also  to  properly  test  the  conduits  for  continuity 
and  smoothness  before  starting  to  install  tlie  cables.  Enough  slack 
should  he  left  in  each  manhole  to  allow  the  cables  to  pass  close  to 
the  side  walls  of  the  manhole,  and  to  have  the  centers  free  and  acces- 
sible for  a  man  to  enter  the  manhole.  Where  there  are  a  great 
number  of  cables  in  a  manhole,  shelves  or  other  supports  should  be 


Fig.  77.    Method  of  Laying  Fibre  Conduit  in  Trencli. 
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provided  for  holding  the  cables  apart  and  in  position.  Where  two 
or  more  conductors  are  placed  in  the  same  duct,  they  should  always 
be  pulled  in  at  the  same  time,  for  otherwise  the  cables  last  pulled  in 
are  apt  to  injure  those  already  installed. 

Manholes.  Manholes  should  be  provided  about  every  300  feet, 
in  order  to  facilitate 
the  installation  of  the 
conductors  in  the  duct. 
The  exact  distance  be- 
tween manholes 
should  be  determined 
by  conditions;  in  some 
cases  they  should  be 
placed  even  closer  to- 
gether than  the  figure 
given,  while  in  other 
cases  their  distance 
apart  might  be 
slightly  greater. 

Manholes  are 
built  of  concrete  or 
brick,  and  provided 
with  a  cast-iron  frame 
or  cover.  The  man- 
holes  may  be  of 
square,  round,  rect- 
angular, or  oval  sec- 
tion, the  last-men- 
tioned form  of  man- 


Fig.  78.    Plan  and  Sectional  Elevation  of  Standard  Form 
of  Manhole  Used  in  New  York  City. 


hole  being  probably  the  best,  as  it  avoids  the  liability  to  sharp  bends 
or  kinks  being  made  in  the  cable.  The  manhole  cover  may  be  of 
the  same  form  as  the  manhole  itself,  or  it  may  be  of  different  form;  but 
round  or  square  covers  are  usually  used.  Fig.  78  shows  a  standard 
form  of  manhole  used  in  New  York  City.  This  manhole  is  substan- 
tially built,  and  adapted  for  heavy  traffic  passing  over  the  cover.  For 
suburban  or  country  work,  manholes  may  be  made  of  lighter  con- 
struction. 
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In  wiring  for  electric  bells  to  be  operated  by  batteries,  the 
danger  of  causing  fires  from  short  circuits  or  poor  contacts  does 
not  exist  as  in  the  case  of  wiring  for  light  and  power,  because  the 
current  strength  is  so  small.  Neither  is  the  bell-fitter  responsible 
to  city  inspectors  or  fire  underwriters.  On  this  account,  bell 
fitting  is  too  often  done  in  a  careless  and  slovenly  manner,  caus- 
ing the  apparatus  to  give  unsatisfactory  results  and  to  require 
frequent  repairs,  so  that  the  expense  and  inconvenience  in  the  end 
far  more  than  offset  any  time  saved  by  doing  an  inferior  grade  of 
work.  Hence,  at  the  outset  it  is  well  to  state  that  as  much  care 
should  be  taken  in  the  matter  of  joints  and  insulation  of  bell 
wiring  as  in  wiring  for  light  or  power. 

If  properly  installed,  the  electric  bell  forms  a  reliable  and  yet 
inexpensive  means  of  signaling,  and  is  far  superior  to  any  other. 
On  this  account  practically  every  new  building  is  fitted  through- 
out with  electric  bells. 

In  addition  to  the  necessity  of  thoroughness  already  men- 
tioned, care  should  be  taken  to  use  only  reliable  apparatus  which 
must  be  installed  in  accordance  with  the  fundamental  principles 
on  which  its  satisfactory  operation  depends. 

WIRE. 

The  common  sizes  of  wire  in  use  for  bell  work  are  IS'os. 
18,  20,  and  22.  In  general,  however,  No.  20  will  be  found  satis- 
factory as  it  is  usually  sufticiently  large,  while  in  many  cases  No. 
22  is  not  strong  enough  from  a  mechanical  standpoint. 

It  is  important  that  the  wires  should  be  well  insulated  to  pre 


Fig.  1. 
vent  accidental  contacts  with  the  staples  or  other  wires.     First  of 
all  the  wire  should  be  tinned,  as  this  prevents  the  copper  from 
being  acted  upon  by  the  sulphur  in  the  insulation.     It  also  facil- 
itates soliering.     The  inner  coating  of  insulation  should  be  of 
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india  rubber,  surrounded  by  several  longitudinal  strands  of  cotton, 
outside  of  which  are  wound  several  strands  of  colored  cotton  laid 
on  spirally.  This  is  next  immersed  in  melted  paraffin  wax  and 
polished  by  friction.  A  short  length  of  approved  electric  bell  wire 
is  shown  in  Fig.  1. 

When  ordering  wire,  it  is  well  to  have  it  furnished  in  several 
different  colors  as  this  greatly  facilitates  both  the  original  instal- 
lation and  later  repairs,  because  in  this  way  one  line  may  be  dis- 
tinguished from  another,  taps  from  main  lines,  etc.  Moreover,  a 
faulty  wire  having  been  found,  it  is  possible  to  identify  it  at  any 
desired  section  of  its  length. 

METHODS  OF  WIRING. 

In  running  wires,  the  shortest  and  most  direct  route  should, 
of  course,  be  taken  between  the  battery,  bells,  and  bell  pushes. 
There  are  two  cases  to  be  considered.  The  better  method  is  that 
in  which  the  wires  are  run  before  the  building  is  completed,  and 
the  wiring  should  be  done  as  soon  as  the  roof  is  on  and  the  walls 
are  up.  In  this  case  the  wires  are  usually  run  in  zinc  tubes 
secured  to  the  walls  with  nails.     The  tubes  should  be  from  |  inch 

to  ^  inch  in  diameter,  preferably 
the  latter.  It  is  better  to  place 
the  wires  and  tubes  simultane- 
ously, but  the  tubes  may  be  put 
in  place  first  and  the*wires  drawn 
in  afterward,  although  this  latter 
plan  has  the  objection  that  the  insulation  is  liable  to  become 
abraded  when  the  wires  are  drawn  in.  In  joining  up  two  lengths 
of  tube,  the  end  of  one  piece  should  be  opened  up  with  the  pliers 
so  that  it  may  receive  the  end  of  the  other  tube,  which  should  also 
be  opened  up,  but  to  a  less  extent,  to  prevent  wear  upon  the 
insulation.  Specially  prepared  paper  tubes  are  sometimes  substi- 
tuted for  the  zinc. 

If  the  building  is  completed  before  the  wiring  is  done,  the 
concealed  method  described  above  cannot  be  used,  and  it  is  neces- 
sary to  run  the  wires  along  the  walls  supported  by  staples,  where 
they  will  be  least  conspicuous.  Fig.  2  shows  ordinary  double- 
pointed   tacks,  Fig.  3  shows  an  insulating   saddle  staple  which 
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Fig.  3. 


is  to  be  recommended.  Two  wires  should  never  be  secured  under 
the  same  staple  if  it  can  possibly  be  avoided,  owing  to  the  danger 
of  short  circuits.  With  a  little 
care  it  is  usually  possible  to  con- 
ceal the  wiring  behind  the  picture 
moulding,  along  the  skirting- board, 
and  beside  the  door  posts^  but  where 
it  is  impossible  to  conceal  it,  a  light 
ornamental  casing  to  match  the 
finish  of  the  room,  may  be  used. 
It  is  sometimes  advisable  to   ase 

twin  wires  or  two  insulated  wires  run  in  the  same  outer  covering. 
In  some  cases  it  is  well  to  run  the  wires  under  the  floors, 
laying  theny  in  notches  in  the  tops  of  the  joists  or  in  holes  bored 
about  two  inches  below  the  tops  of  the  joists. 

JOINTS. 

When  making  a  joint,  care  should  be  taken  to  have  a  firm, 
clean  connection,  both  mechanically  and  electrically,  and  this  must 
always  be  soldered  to  prevent  corrosion.  The  insulation  should 
be  stripped  off  the  ends  of  the  wires  to  be  joined,  for  a  distance  of 
about  2  inches,  and  the  wires  made  bright  by  scraping  or  sandpa- 
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Fig.  4. 

pering.     They  should  then  be  twisted  tightly  and  evenly  together 
as  shown  in  Fig.  4. 

Next  comes  the  operation  of  soldering,  which  is  absolutely 
necessary  if  a  permanent  joint  from  an  electrical  standpoint  is  to 
be  obtained.  A  joint  made  without  solder  may  be  electrically 
sound  at  first,  but  its  resistance  rapidly  increases,  due  to  deteri- 
oration of  the  joint.  As  has  already  been  stated,  the  wires  should 
be  made  bright  and  clean  before  they  are  twisted  together. 
Soldering  fluids  should  never  be  used,  because  they  cause  corrosion 
of  the  wire.  The  best  flux  to  use  is  resin  or  composite  candle. 
The  soldering  should  always  be  done  with  a  copper  bit  rather  than 
with  a  blowpipe  or  wireman's  torch. 
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A  convenient  form  of  soldering  tool  consists  of  a  small  copper 
bit  having  a  semicircular  notch  near  the  end.  This  bit  should,  of 
course,  be  well  tinned.  It  is  then  heated  over  a  spirit  lamp,  or 
wireman's  torch,  and  the  notch  filled  with  soft  solder.  Lay  the 
joint,  which  has  previously  been  treated  with  the  flux,  in  this 
notch  and  turn  it  so  that  the  solder  runs  completely  around  among 
the  spirals  of  the  joint.  The  loose  solder  should  be  shaken  off  or 
removed  with  a  bit  of  rag.  When  the  joint  is  set,  it  should  be 
insulated  with  rubber  tape,  so  that  it  will  be  protected  as  perfectly 
as  the  other  portions. 

It  is  often  possible  to  save  a  considerable  length  of  wire  and 
amount  of  labor  by  using  a  ground  return,  which,  if  properly 
arranged,  will  give  very  satisfactory  results,  although  a  complete 
metallic  circuit  is  always  to  be  preferred.  Where  water  or  gas 
mains  are  available,  a  good  ground  may  be  ob- 
tained by  connecting  to  them,  being  sure  to 
have  a  good  connection.  This  may  be  se- 
cured by  scraping  a  portion  of  the  pipe 
perfectly  bright  and  clean  and  then  winding 
this  with  bare  wire;  the  whole  is  then  well 
soldered.  An  end  should  be  left  to  which 
the  wire  from  the  bell  circuit  is  twisted  and 
soldered.  If  such  mains  are  not  available, 
a  good  ground  can  be  obtained  by  connecting 
the  wire  from  the  bell  circuit,  as  described 
above,  to  a  pump  pipe.  In  the  absence  of 
water  and  gas  mains,  and  of  a  pump  pipe, 
a  ground  may  be  obtained  by  burying  beneath 
permanent  moisture  level  a  sheet  of  copper 
or  lead,  having  at  least  five  square  feet  of  surface,  to  which  the 
return  wire  is  connected.  The  ground  plate  should  be  covered 
with  coke  nearly  to  the  surface;  the  hole  should  then  be  filled  in 
with  ordinary  soil  well  rammed. 

OUTFIT. 

« 

The  three  essential  parts  of  the  electric  bell  outfit  are  the  bell 
push,  which  furnishes  a  means  of  opening  end  closing  the  circuit 
at  will,  the  battery,  which  furnishes  the  current  for  operating  the 
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bell,  and  the  bell  itself.  Before  discussing  the  combination  of 
these  pieces  of  apparatus  in  the  complete  circuit,  let  us  take  up 
the  individual  parts  in  order. 

A  bell  push  is  shown  diagrammatically  in  Fig.  5.  In  this 
illustration  P  is  the  push  button;  when 
this  is  pressed  upon  it  brings  the  point 
of  the  spring  S  in  contact  with  the  metal 
strip  R,  thus  closing  the  circuit  with  which 
it  is  connected  in  series.  Normally;  the 
springs  are  separated  as  shown,  and  the 
circuit  is  accordingly  open. 

Bell  pushes  are  made  in  various  de- 
signs and  styles,  from  the  simple  wooden 

push  shown  in  Fig.  6  to  very  elaborate  and  expensive  articles. 
Fig.  7  shows  four  cast  bronze  pushes  of  neat  appearance  and  mod- 
erate  price. 

Batteries.     Electric  bells  are  nearly  always  operated  on  the 
open  circuit  plan,  and  hence  the  battery  used  is  generally  of  the 


Fig.  6. 


Fig.  7. 
open  circuit  type,  such  as  the  Leclanche  cell,  which  is  used  very 
largely  except  for  heavy  work.  This  is  a  zinc-carbon  cell  in  which 
the  excitant  is  sal-ammoniac  dissolved  in  water.  Polarization  is 
prevented  by  peroxide  of  manganese,  which  gives  up  part  of  its 
oxygen,  combining  with  the  hydrogen  set  free  and  forming  water. 
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Dry  Batteries  are  also  frequently  used  for  bell  work,  their 
principal  advantage  being  cleanliness,  as  they  cannot  spill.  Dry 
cells  are  really  a  modification  of  the  Leclanche  type,  as  they  use 
zinc  and  carbon  plates  and  sal-ammoniac  as  the  exciting  agent. 
The  Burnley  cell,  which  is  one  of  the  principal  types  of  dry  cell, 
has  an  electrolyte  composed  of  sal-ammoniac,  chloride  of  zinc, 
plaster,  flour,  and  water.  This  compound  when  mixed  is  a  semi- 
liquid  mass  which  quickly  stiffens  after  being  poured  into  the  cup. 
The  depolarizing  agent  is  peroxide  of  manganese,  the  same  as  is 
used  in  the  Leclanche  cell,  this  being  packed  around  the  carbon 

cylinder.  The  top  of  the  cell  is  sealed 
with  bitumen  or  some  similar  substance. 
For  very  heavy  work  the  Edison- 
Lalande  and  the  Fuller  types  of  cell  are 
best  suited,  while  for  closed  circuit  work 
the  gravity  cell  is  most  satisfactory. 

Bell.  It  is  a  well-known  fact  that 
if  a  current  of  electricity  flows  through 
a  coil  of  wire  wound  on  an  iron  core, 
the  core  becomes  magnetized  and  is  ca- 
pable of  attracting  any  magnetic  sub- 
stances to  itself.  The  operation  of  the 
electric  bell,  like  that  of  so  many  other 
pieces  of  electrical  apparatus,  depends 
upon  this  fact.  A  diagrammatic  repre- 
sentation of  an  electric  bell  is  shown  in 
Fig.  8,  in  which  M  is  an  electromagnet 
composed  of  soft-iron  cores  on  which  are  wound  coils  of  insulated 
wire.  The  armature  is  mounted  upon  a  spring  K,  and  carries  a  ham- 
mer H  at  its  end  for  striking  the  gong.  On  the  back  of  the  armature 
is  a  spring  which  makes  contact  at  D  with  the  back  stop  T.  The 
action  of  the  bell  is  as  follows:  When  the  circuit  is  closed  through 
the  bell  a  current  flows  from  terminal  1,  around  the  coils  of  the 
magnet,  through  the  spring  K  and  contact  point  D,  through  the 
hack  stop  T,  to  terminal  2.  In  flowing  around  the  electromagnet  the 
current  magnetizes  its  core,  which  consequently  attracts  the  arma- 
ture. This  causes  the  hammer  H  to  strike  the  gong.  While  in 
this  position  the  contact  at  D  is  broken,  the  current  ceases  to  flow 


Fig.  8. 
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around  the  electromagnet  and  the  cores  consequently  lose  their 
attractive  force.  The  armature  is  then  carried  back  to  its  original 
position  by  the  spring  K,  making  contact  at  D,  and  the  process  is 
repeated.  The  hammer  will  thus  vibrate  and  the  bell  continue  to 
ring  as  long  as  the  circuit  is  closed. 

The  typ(^  of  bell  described  above  i  i  the  one  most  commonly 
used.  Such  bells  are  made  in  a  great  variety  of  shapes  and  styles, 
the  prices  varying  accordingly.  It  is  important  that  platinum 
tips  be  furnished  at  the  contact  point  D,  Fig.  8,  to  prevent  cor- 
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Fig.  9.  Fig.  10. 

rosion.  The  bells  on  the  market  today  are  of  two  classes,  the  iron 
box  bell  and  the  wooden  box  bell.  A  bell  of  the  wooden  box  type  is 
shown  in  Fig.  9,  and  a  higher  grade  bell  of  the  iron  frame  skeleton 
type  is  shown  in  Fig.  10.  Bells  without  covers  should  never  be  used, 
as  dust  will  settle  on  the  contacts  and  interfere  with  their  action. 

CIRCUITS. 
The  possible  combinations  of  the  various  parts  into  complete 
circuits  are  so  varied  that  it  would  be  impossible  to  describe  them 


817 


90 


ELECTRIC  BELL  WIRING 


all;  in  fact,  almost  every  one  is  to  a  certain  extent  a  special 
problem.  It  is,  however,  possible  to  give  typical  circuits  the 
underlying  principles  of  which  can  be  applied  successfully  to  any 
particular  case. 

Fig.  11  shows  a  bell  circuit  in  its  simplest  form,  in  which  P 
represents  the  push,  B  the  bell,  and  C  the  battery;  all  connected 
in  series.     The  circuit  is  normally  open  at  P,  and  hence  no  cur- 

rent  flows  to  exhaust  the  batteries. 
When  P  is  pressed,  the  circuit, 
otherwise  complete,  is  closed  and 
current  passes  through  the  bell 
causing  it  to  ring,  as  already  ex- 
plained. For  instance,  the  push 
might  be  located  beside  the  front 
door,  the  bell  in  the  kitchen  and  the 
battery  in  the  cellar;  the  location  depending  on  the  results  desired 
and  conditions  to  be  met.  The  wire  between  P  and  C  may,  if 
necessary,  be  dispensed  with  and  connection  made  to  ground  at  G 
and  G,  as  shown  by  the  dotted  lines. 
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Fig.  11. 
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Fig.  12  shows  an  arrangement  by  means  of  which  one  bell  B 
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Fig.  12. 


Fig.  13. 


may  be  controlled  by  either  of  the  pushes  P  or  P'.     This  system 
may  be  extended  to  any  number  of  pushes  similarly  connected. 

A  method  for  ringing  two  bells  simultaneously  from  one  push 
is  shown  in  Fig.  13,  w^here  both  bells  B  and  B'  will  ring  from  push 
P.  Bells,  if  connected  in  this  manner,  should  have  as  nearly  as 
possible  the  sam6  resistance,  otherwise  the  bell  of  lower  resistance 
will  take  so  much  current  that  there  will  not  be  a  sufficient  amount 
left  for  the  other.  Also,  the  batteries  must  be  of  greater  current 
capacity  as  the  amount  of  current  taken  is,  of  course,  doubled.  This 
system  can  be  extended  to  any  number  of  bells  connected  in  this 
way,  up  to  the  limit  of  capacity  of  the  battery  to  ring  them.    Figs. 
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12  and   13  may  be  combined  so  that  two  or  more  bells  may  be 
rung  from  any  one  of  two  or  more  pushes. 

In  Fig.  14  is  shown  a  scheme  for  ringing  either  bell,  B  or  B', 
from  one  push  and  one  battery  by  means  of  the  two-point  switch 
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Fig.  14. 


S.     When  the  arm  of  the  switch   is  on  contact  1,  the  push  will 
ring  bell  B,  and  when  on  contact  2  it  will  ring  bell  B'. 

In  Fig.  15  is  shown  a  method  of  connecting  bells  in  series  so 
that  B  and  B'  may  be  rung  from  P.  If  all  the  bells  so  connected 
were  of  the  vibrating  type,  they  w^ould  not  work  satisfactorily,  as 
it  would  be  impossible  to  time  them  so  that  the  vibrations  would 
keep  step,  hence  only  one  bell  should 
be  of  the  vibrating  type,  and  the  others 
should  have  the  circuit  breakers  short- 
circuited,  the  vibrating  bell  serving  as 
interrupter  for  the  whole  series.  Obvi- 
ously this  system  requires  a  higher  volt- 
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Fig.  15. 


age  than  parallel  connection,  and  the 
cells  must  be  of  sufficient  E.M.F.  to 
ring  the  bells  satisfactorily.  Several 
bells  may  be  connected  in  this  way,  if 
desired,  up  to  the  limii;  of  voltage  of  the 
battery.  l^ig- 16. 

Oftentimes  a  bell  is  to  be  rung  from  several  different  places. 
For  instance,  the  bell  in  an  elevator  may  be  rung  from  any  one  of 
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several  floors,  or  the  bell  in  the  office  of  a  hotel  may  be  rung  from 
any  one  of  several  different  rooms.  In  this  case  it  is  necessary  to 
have  some  device  to  indicate  from  which  push  the  bell  was  rung. 
The  annunciator  furnishes  this  information  very  well.  A  three- 
station  annunciator  is  shown  in  Fig.  10.  The  connections  for  an 
annunciator  are  shown  in  Fig.  17  where  A  represents  the  anun- 
ciator,  13  the  bell,  C  the  battery,  and  P",  P^,  and  P"^  the  pushes. 
P'or  instance,  when  P'  is  pressed,  the  current  passes  through  the 
electromagnet  controlling  point  1  on  the  annunciator  which  causes 
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Fig.  17. 

the  arrow  to  be  turned  and  at  the  same  time  the  bell  rings.  After 
the  attendant  has  noted  the  signal,  the  arrow  is  restored  to  its 
normal  position  by  pressing  a  lever  on  the  bottom  of  the  annun- 
ciator box. 

The  electric  burglar  alarm  furnishes  a  very  efficient  protec- 
tion and  is  an  application  of  the  principles  already  described.  The 
circuit,  instead  of  being  completed  by  a  push,  is  completed  by 
contacts  placed  on  the  doors  or  windows  so  tliat  the  opening  of 
either  will  cause  the  bell  to  ring.  The  same  device  may  be  used 
on  money-drawers,  safes,  etc. 

In  the  case  of  the  electric  fire  alarm,  the  signal  may  be  given 
either  automatically  when  the  temperature  reaches  a  certain  degree, 
or  pushes  may  be  placed  in  convenient  locations  to  be  operated 
manually.  The  pushes  should  be  protected  by  glass  so  that  they 
will  not  be  tampered  with,  it  being  necessary  to  break  tlie  glass 
to  give  the  alarm. 


220 


^^ 


a, 

< 

o 

M 


H 


THE  ELECTRIC  TELEGRAPH, 

PART  I. 


APPARATUS  AND  THE  MORSE  CODE. 

In  order  to  get  the  beginner's  point  of  view,  it  is  taken  for 
granted  that  the  reader  knows  nothing  of  electricity  or  the  j)rac- 
tice  of  telegraphy.  If  there  is  a  shght  knowledge  of  either  of 
these,  so  much  the  better;  but  as  a  starting-point,  we  will  con- 
sider that  altogether  familiar  use  of  the  electric  current  in  the 
ringing  of  a  door-bell  by  pressing  on  a  button.  In  so  doing  the 
new  arrival  *' telegraphs  "  the  fact  to  the  liousehold,  and  asks  for 
admission,  and  those  within  respond  to  his  message,  although 
neither  the  one  nor  the  other  may  know  a  dot  from  a  dash. 
The  simple  combination  of  battery,  wire  and  apparatus  by  which 
tliis  action  is  carried  on  is  as  truly  a  telegraph  circuit  as  is  the 
longest  in  the  land,  and  a  glance  at  its  elements  will  serve  as  a 
stepping  stone  to  the  more  complex  apparatus  of  the  electric 
telegraph. 

The  different  parts  of  the  electric-bell  device  may  be  seen  in 
their  relation  one  to  the  other  by  reference  to  Fig.  1.  In  the  center 
is  the  push-button  P,  pressing  upon  which  brings  the  point  of 
spring  S  into  contact  with  the  metal  strip  R.  On  one  side  is  the 
cell  A,  with  its  two  poles  C  and  Z ;  on  the  other  is  the  Ixill,  with 
its  electromagnet  M,  its  armature  hinged  upon  a  spring  K,  carry- 
ing a  hammer  H,  to  strike  the  bell.  Attached  to  the  back  of  the 
armature  is  a  spring,  making  contact  at  D  with  a  back-stop  T. 
These  parts  are  so  adjusted  that  when  the  armature  is  attracted 
by  the  magnet  the  contact  at  D  is  broken.  Looking  now  at  the 
diagram,  if  the  wiring  is  traced  from  the  point  C  back  to  the 
point  Z,  but  one  break  will  be  found  in  the  continuous  contact  of 
the  wire  with  the  different  parts,  and  that  is  between  the  spring 
S  and  the  strip  R. 

If,  by  means  of  the  push-button,  S  is  forced  against  R,  the 
break  is  closed ;  the  current  speeds  from  the  point  C  of  the  cell 
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tliiough  the  wire  back  to  the  point  Z,  charging  the  electromagnet 
]\I,  which  attracts  armature-carrying  hammer  H.  But  by  this  move- 
ment the  contact,  and  therefore  the  electric  circuit,  is  broken  at 
D,  the  current  ceases,  electromagnet  M  releases  the  hammer  H ; 
contact  of  the  armature  and  back-stop  at  D  is  thus  restored ;  mag- 
net M  is  again  charged,  attracting  the  armature ;  the  result  being 
a  vibration  of  tlie  hammer,  continued  as  long  as  spring  S  is  kept 
in  contact  with  R.  The  energy  is  derived  from  the  cell,  but  the 
control  of  it  lies  in  the  push-button ;  and  the  effect  of  the  making 
and  breaking  of  the  circuit  at  R  is  such  as  to  appeal  to  the  ear. 
By  means  not  veiy  different  the  same  organ  is  addressed  in  teleg- 


raphy; but  the  appeal  is  of  a  kind  legible  only  to  the  expert. 
The  bell  device  serves  the  further  purpose  of  bringing  the  learner 
face  to  face,  at  the  outset,  with  the  fact  of  the  inconceivable  speed 
of  the  energy  he  is  employing, —  a  feature  which  allies  it  to  liglit 
in  the  velocity  of  its  movement. 

Having  now  gained  a  general  idea  of  the  action  of  a  current 
in  moving  an  armature,  we  will  suppose  that  the  reader,  if  in  a  city, 
has  stepped  into  one  of  the  many  branch  offices  of  a  great  tele- 
graph company,  or  it  may  be  into  a  town  or  village  office  of  the 
same,  and  for  the  first  time  is  taking  notice  of  the  outfit.  In 
such  an  office  there  will  be  seen  (secured  to  the  wail)  a  small 
switchboard,  but  the  interest  centers  on  the  table  or  desk,  where 
there  are  usually  three  forms  of  apparatus,  knpwa  ^  the  relay, 
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key  and  sounder,  with  the  wires  connecting  the  various  parts. 
On  the  window-sill,  or  under  the  table,  is  the  battery  of  one  or 
two  cells,  for  the  operation  of  the  sounder,  shown  in  the  Instruc- 
tion Paper  "  Elements  of  Electricity."  The  uninitiated,  listening 
to  its  clicks  for  the  first  time,  naively  expresses  surprise  that  they 
"can  make  nothing  of  them."  This  set  of  apparatus,  installed 
in  thousands  of  small  offices  all  over  the  continent,  and  duplicated 
many  times  in  the  large  offices,  is  shown  in  outline  in  Fig.  2. 
The  relay,  described  in  "  Elements  of  Electricity,"  is  not  heard 
at  all ;  the  main  battery  which  operates  it  may  be  scores  of  miles 
away ;  the  current  from  it  has  its  path  in  the  main,  or  air,  line 


.— H|f 
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coming  in  from  the  pole  in  the  street.  Passing  through  the  coils 
of  the  relays  and  the  keys,  it  makes  its  exit  througli  the  office 
window,  to  resume  its  place  on  the  poles  which  support  it  to  the 
terminus  of  the  line. 

Examining  Fig.  2  and  comparing  it  with  the  bell-ringing 
device  shown  in  Fig.  1,  we  find  the  cells  of  battery  and  the  wir- 
ing common  to  both  ;  the  sounder  corresponds  to  the  bell  proper ; 
the  key  marked  K  answers  to  the  push-button.  The  dotted  lines 
in  Fig.  2  represent  the  "  local "  circuit,  a.nd  the  cells  are  the 
»*  local "  battery,  so  called  because  its  action  is  confined  to  the 
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place  (Latin,  locus)  or  station  with  which  it  is  immediately  con- 
nected.  See  the  "Gravity  Cell"  in  Elements  of  Electricity;  the  leads 
from  the  two  poles  being  shown.  If  the  wherefore  of  this  pair  of 
conductors  and  their  connected  parts  is  understood,  the  method  of 
Alorse  telegraphy  is  within  easy  distance;  and  with  the  little  light 
gained  from  the  comparison  of  the  electric  bell  with  the  telegraph 
circuits,  we  may  take  a  step  further  in  advance.  For  closer 
examination,  therefore,  this  local  circuit  and  its  parts  are  repro- 
duced on  a  larger  scale  in  Fig.  3  and  with  more  lettering.  Each 
of  the  two  cells  of  battery  is  surmounted  by  two  projections  called 
poles, —  the  terminal  connections  of  two  dissimilar  substances,  as 
copper   and  zinc,  or  zinc  and  carbon.     The  cell  is  explained  in 


"Elements  of  Electricity;"  all  that  need  be  noted  now  is  that 
by  outwardly  joining  up  the  cells  so  that  the  unlike  substances 
are  in  metallic  contact,  a  current  is  the  result.  First  the  carbon 
terminal  or  pole  of  one  cell  is  connected  to  the  zinc  pole  of  the 
other;  then  from  the  carbon  pole  C  of  cell  A  runs  a  wire  (dotted 
line)  which  can  be  traced  through  the  coil  of  magnet  M ;  thence 
to  the  armature  D,  and  local  points  at  P  of  the  relay  R  back  to 
the  zinc  pole  Z  of  cell  B.  Of  relay  R  only  the  moving  parts  are 
shown.  The  thumbscrews,  wherever  found,  have  connected  to 
them  wires  from  the  different  parts  of  the  instrument,  and  are 
OlQrely  conveniences  for  making  contact  with  the  outside  wiring. 
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Besides  the  battery  of  two  cells  and  the  conducting  wires  (dotted 
lines),  the  circuit,  as  already  intimated,  includes  an  electromagnet, 
consisting  of  a  pair  of  upright  coils  (only  one  is  shown),  which, 
with  the  surmounting  armature  F  and  its  adjacent  parts,  consti- 
tutes the  sounder  S.  Each  of  the  two  upright  coils  of  wire  has 
a  core  of  soft  iron  with  a  strip  of  iron  X,  joining  them  under- 
neath. Close  to  the  upper  ends  of  the  cores,  but  not  touching,  is 
a  strip  of  soft  iron  F,  called  the  armature,  secured  to  a  lever  L, 
moving  on  trunnions  T,  at  one  end,  its  free  end  moving  between 
two  stops,  the  spring  J  serving  for  its  adjustment.  The  move- 
ment of  armature  D  of  relay  R  is  also  limited  by  stops,  and,  trac- 
ing our  dotted  line  circuit,  we  find  a  point  P,  where  the  circuit 
may  be  "broken  "  by  withdrawing  armature  D  from  the  front-stop 
H  ;  just  as  in  tlie  case  of  the  push-button,  the  circuit  is  "  made  ** 
by  pressure  on  the  button,  and  ''  broken  "  by  the  withdrawal  of  it. 
In  other  words,  in  this  armature  D,  with  its  front  and  back  stop, 
and  spring  K,  we  have  a  telegraph  key  in  a  form  the  simplest  and 
most  easily  understood,  but  not  the  most  easily  operated. 

In  a  local  circuit  arranged  as  in  Fig.  3,  when  armature  D  of 
relay  R  rests  against  its  front-stop  H,  the  current  magnetizes  the 
cores  of  electromagnet  M  of  the  sounder ;  armature  F  is  strongly 
attracted  thereto,  making  a  sliarp  click  as  it  strikes  the  down-stop 
N ;  a  reverse  or  upward  movement  is  determined  by  spring  J  if 
armature  D  of  the  relay  is  withdrawn  from  the  front-stop,  giving 
a  sound  less  sharp  than  in  the  downward  movement.  The  differ- 
ence in  sound  between  the  front  and  back-stroke  of  the  lever  is 
something  of  which  the  learner  must  early  take  note,  because  the 
front  is  the  marking  stroke,  or  the  one  from  which  he  reads,  the 
back-stroke  being  unintelligible.  In  the  former  case  (armature  D 
against  the  frontrstop),  the  circuit  is  said  to  be  "made"  or 
"closed;"  in  the  latter  it  is  "broken"  or  "open."  Closed  and 
open  are  the  terms  in  general  use  among  telegraphers.  In  the 
case  of  the  electric  bell,  the  push-button  puts  us  in  control  of  the 
energy  which  attracts  the  hammer  to  the  gong.  In  the  local 
arrangement  we  have  been  considering,  the  control  of  the  sounder 
S  lies  in  the  armature  D,  whether  moved  by  the  finger,  or  in  the 
usual  way  by  the  current. 

In  this  dotted-lme  arrangement  the  wir^s  ^r§  the  carriers  or 
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conductors  of  an  energy  which  has  its  source  in  chemical  action 
in  the  cells.  In  the  poverty  of  language  it  is  said  to  "  flow  "  or 
"run"  within  the  cell  from  the  zinc  to  the  copper  plate,  or  from 
zinc  to  carbon;  and  in  the  external  portion  (dotted  line)  from  cop- 
per or  carbon  to  zinc.  Moving  thus  along  the  conducting  wire  and 
through  the  connected  instruments  it  is  called  a  current  (Latin, 
curro,  to  run)  and  in  doing  so  it  is  said  to  make  a  "circuit," 
which  may  vary  in  length  from  a  few  feet  to  hundreds  of  miles. 
Its  velocity  is  such  that  wherever  a  fitting  pathway  is  afforded,  it 
seems  not  so  much  to  flow  as  to  be  omnipresent.  In  a  series  of 
tests  made  in  New  York  by  the  United  States  Coast  Survey,  two 
separate  wires  were  obtained  to  San  Francisco,  where  they  were 
joined,  or,  as  telegraphers  say,  "looped."  To  each  of  the  New 
York  ends  of  the  wire,  instruments  were  connected,  and  signals 
sent  on  the  one  ivire  returned  on  the  other  in  a  space  of  time  jiist 
perceptible.  The  current  had  traversed  the  continent  and  back 
in  a  small  fraction  of  a  second, —  a  kind  of  movement  which  the 
words  "  flow  "  and  "  run  "  hardly  describe. 

It  is  the  purpose  of  this  description,  to  explain  to  the 
reader  how  it  is  that  the  signals  heard  on  the  sounder  can  have  a 
meaning  to  the  operator;  how  it  is  that  the  down  and  up'  move- 
ment of  the  lever  of  the  key  K,  Fig.  3,  can  transmit  intelligence 
to  a  distant  station ;  then,  briefly  at  first,  but  later  on  more  com- 
pletely, to  instruct  him  in  the  method  of  operation,  use  and 
adjustment  of  each  instrument  in  the  set,  so  that  in  a  reasonable 
period  of  time  he  will  himself  be  able  to  send  and  receive  the 
signals  which  before  were  unintelligible.  At  this  point  a  num- 
ber of  questions  may  suggest  themselves  to  the  thoughtful  stu- 
dent. Some  of  them,  it  may  be,  cannot  be  answered ;  others  may 
belong  to  the  theory  of  the  art ;  but  our  present  aim  is  entirely 
practical,  the  point  being  to  beget  in  the  student  the  ability  to 
translate  writing  and  speech  into  the  "  Morse "  language  ;  the 
consideration  even  of  the  main-line  circuit  is  therefore  deferred- 
Summing  up  the  examination  of  tlie  local  circuit  there  art 

(1)  The  cells  of  battery  as  the  source  of  energy, 

(2)  The  conducting  wires, 

(3)  The  sounder  S,  consisting  of  an  upright  electromagnet 
having  for  an  armature  a  movable  Isver ;  and 
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(4)  A  point  P  in  the  circuit  at  which,  by  a  movement  of  the 
armature  D  of  relay  R,  we  can  control  at  will  the  armature  of 
sounder  S. 

In  speaking  of  the  relay  R,  Fig.  3,  and  its  armature,  the 
remark  was  made  that  in  it  we  have  a  telegraph  key  in  form  tho 
simplest  and  most  easily  understood,  but  not  the  most  easily  oper- 
ated. Remove  the  dotted  line  wires  from  the  thumbscrews  of 
relay  R  and  insert  them,  as  in  Fig.  4,  in  the  terminals  of  a  key 
K',  described  in  ''  Elements  of  Electricity."  We  now  have  a  "  learn- 
er's outfit  " — battery,  key,  sounder  and  connecting  wires.  Even  with 


L£^/fAf£:^'s    ourr/T 


these,  signalling  to  considerable  distances  can  be  carried  on,  and 
the  medium  for  it  is  the  Morse  Telegraph  Code,  whose  elements 
and  their  combinations  to  form  letters  are  now  to  be  taken  up. 

THE   nORSE  CODE. 

It  i^  taken  for  granted  now  that  the  student  is  provided  with 
"  a  learner's  outfit,"  comprising  the  apparatus  shown  in  Fig.  4. 
The  key  K  is  provided  with  a  curved  arm  E,  hinged  at  V.  By 
moving  this  to  tlje  right  the  key  is  opened.  If,  by  tapping  on  the 
rubber  knob  of  the  lever,  dots  are  made  on  the  open  key,  it  will  be 
found  that  the  armature  of  the  sounder  follows  its  movements. 
Having  attained  thus  the  control  of  an  electromagnet,  only  a  time 
element  is  needed  in  connection  with  the  movements  of  the  kev  to 
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produce  intelligible  signals.  In  other  words,  if  the  open  key  is 
closed,  by  depressing  the  lever,  now  for  a  short,  now  for  a  longer 
time,  or  if  the  time  between  the  moments  of  depression  is  varied, 
it  is  possible,  by  assigning  the  letters  of  the  alphabet  to  different 
combinations  of  these  movements,  to  make  the  instrument  spell  out 
the  words  of  a  language.  To  this  end  there  was  devised  a  system  of 
dots,  spaces  and  dashes,  so  arranged  and  combined  that,  singly  or 
in  groups,  they  are  made  to  represent  the  different  letters,  figures 
and  characters  of  the  English  language.  If  the  learner  (the  key 
being  open)  hits  the  rubber  knob  a  short,  sharp  blow  with  the 
finger,  the  sounder  will  give  two  clicks,  one  with  the  downward 
motion  of  the  armature  and  one  with  the  upward.  The  former 
has  a  sharp  click,  the  latter  a  dull  sound  called  the  "  back-stroke." 
The  signal  thus  formed  is  called  a  dot,  and  its  prolongation  by  a 
longer  depression  of  the  key  is  a  dash;  the  down-stroke  of  the 
armature  marks  the  beginning  of  a  dot  or  dash,  and  the  up  or 
back  stroke  its  end.  In  the  movements  for  the  production  of  the 
signals  the  time  unit  is  the  dot ;  by  its  duration  all  the  dashes 
and  spaces  are  measured.  The  single  dot,  produced  as  described, 
is  the  signal  for  the  letter  E,  the  letter  in  most  frequent  use  hav- 
ing assigned  to  it  an  element  the  simplest  and  most  easily  formed. 
Prolong  the  dot  to  twice  the  time  and  we  have  the  dash  —  the 
signal  for  the  letter  T;  to  four  times  the  time,  a  longer  dash, 
forming  the  letter  L ;  to  five  times  the  time,  and  we  have  the  sig- 
nal for  a  cipher  (0).  To  the  hand  the  only  difference  between  a 
dot  and  a  dash  is  a  longer  depression  of  the  key ;  to  the  ear  the 
difference  is  in  the  interval  between  the  down  and  up,  or  back- 
stroke of  the  armature.  If  the  back-stroke  were  absent  it  would 
be  impossible  to  distinguish  E,  T  and  L  one  from  the  other.  It  is 
not  an  uncommon  thing  for  even  the  experienced  operator  to 
"  get  the  back-stroke,"  in  which  case  he  dampens  the  up-stroke  of 
the  sounder  with  his  finger  until  the  ear  catches  the  down-stroke 
again. 

In  the  selection  of  the  combinations  which  make  up  the  code 
of  signals,  the  principle,  "  the  easy  signal  for  the  frequent  letter,  *' 
is  observed  throughout.  The  time  value  of  the  dot  is  constant, 
but  the  diisli  and  space  have  eacli  three  different  lengths.  Two 
dots  separated  by  a  space  of  time  approximately  equal  to  a  dot 
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represent  the  letter  I,  but  two  dots  separated  by  a  space  equal  in 
time  to  two  dots  represent  O.  The  former  is  a  mere  interval,  the 
latter  is  called  the  letter  space ;  the  word  and  sentence  space  are 
multiples  of  it  —  usually  twice  for  the  former  and  thrice  for  the 
latter.  In  naming  the  elements  of  the  signal  for  the  letter  O, 
for  example,  they  are  read  "  dot,  space  and  dot." 

The  entire  scheme  of  the  Morse  Code,  with  its  dots,  spaces 
and  dashes,  their  combinations  and  their  relative  time  values  com- 
puted according  to  the  unit  of  time —  the  dot —  and  the  letters, 
figures  and  characters  they  represent,  is  shown  graphically  in  the 
accompanying  chart,  which  the  student  must  now,  for  a  time  at 
least,  make  his  constant  guide  and  reference. 


Fia.  5. 


That  we  are  able  to  present  the  alphabet  in  this  preferred 
form  u  due  to  the  courtesy  of  the  D.  Van  Nostrand  Company  of 
New  York,  publishers  of  "  Modern  Practice  of  the  Electric  Tele- 
graph "  by  F.  L.  Pope,  to  which  manual,  for  details  of  nearly 
every  topic  in  connection  with  telegraphy,  the  student  is  referred. 

In  this  connection  it  may  be  of  interest  to  state  that  the 
Morse  Code,  in  the  form  in  which  it  is  now  used,  is  the  work  of 
Alfred  Vail  of  Morristown,  N.  J.,  and  that  in  the  selection  of  the 
signals  for  the  different  letters  he  was  aided,  so  the  story  goes,  by 
a  chance  visit  to  a  printing-office,  where  he  noticed  that  in  the 
type  cases  the  size  of  the  different  compartments  was  determined 
by  the  frequency  of  the  use  of  the  letter. 

The  attention  of  the  learner  having  been  called  to  the  rela- 
tive time  values  of  the  elements  which  go  to  make  up  the  signals, 
he  is  now  in  a  position  to  attempt  for  himself  the  making  of  tliem, 
and  to  take  his  first  step  as  a  sender.     His  instrument  for  this 
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purpose  is  the  key,  with  regard  to  which  it  has  already  been 
explained  that  it  is  merely  a  convenient  device  for  the  admission 
and  non-admission  of  the  current  to  the  electromagnet  of  the 
sounder,  according  to  a  prearranged  code.  A  suggestion  as  to 
the  manner  of  holding  the  key  can  be  gained  from  the  cut  (Fig. 
5)  given  herewith.  In  it  will  be  noticed  the  thumb  pressing 
lightly  upward  against  the  rubber  knob,  the  fore  and  second 
fingers  curved,  their  tips  slightly  embedded  in  the  knob,  the 
wrist  kept  well  above  the  line  of  the  lever.  This  illustration, 
long  familiar  to  telegraphers  from  its  use  in  advertisements,  and 
known  among  them  as  the  "  Catlin  grip,"  is  not  intended  for  exact 
imitation.  As  in  the  case  of  handwriting,  individual  proclivities 
will  assert  themselves ;  but  if  the  learner  infers  from  it  how  to 
gain  a  firm  command  of  the  key,  without  cramping  the  fingers  and 
forearm,  he  will  have  learned  all  that  the  text-book  or  a  teacher  can 
tell  him. 

At  this  stage  some  learners  simply  place  the  cede  chart  before 
them  and  beginning  at  A,  with  its  dot  and  dash,  plod  through  the 
entire  alphabet;  then  back  and  forth  over  the  same  ground,  until 
they  have  obtained  a  certain  mastery  of  the  signals ;  and  many  good 
operators  have  learned  in  just  this  way.  The  writer  has  heard  Mr. 
James  D.  Reid,  "  the  father  of  telegraphers,"  relate  that  even  on 
his  way  to  assume  his  first  position  he  re-enforced  his  limited  prac- 
tice by  tapping  out  the  alphabet  with  a  pencil  or  a  knife  on  the 
window  of  the  railway  coach  or  on  the  arm  of  a  seat.  But  it 
seems  more  in  keeping  with  up-to-date  methods  of  instruction  pur- 
sued in  other  branches  to  give  to  the  exercises  now  to  be  entered 
upon  a  growing  and  developing  character.  With  this  end  in  view 
the  different  combinations  of  dot,  space  and  dash  are  classified  and 
arranged  in  six  different  modes— the  signals  for  letters,  figures,  and 
common  punctuation  points  only  being  considered  at  present.  A 
mere  glance  at  the  chart  will  indicate  to  the  eye  the  differences 
already  noted  in  the  lengths  of  the  dashes ;  the  letter  L  is  repre- 
sented by  a  dash  twice  as  long  as  T ;  and  the  signal  for  a  cipher 
is  a  dash  two  and  a  half  times  as  long  as  T.  It  is  as  well  for  the 
beginner  to  observe  these  relative  lengths ;  but  in  actual  work  the 
dashes  undergo  some  shortening  without  danger  of  error. 
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1.  Dot  only,    •  E  ..I  ...  S  ....  H  P 

2.  Dash  only,  — T L cipher M 5 

paragraph 

3.  Dot  preceding  the  dash,  •  —  A       ..  —  U       ...  —  V      ....  —  4 

. W 

4.  Dot  following  the  dash,  — .N     —  ..  D     —  ...  B         —   —    ..  7 

—  ....  S .G .exclamation 

5.    A  combination  of  (3)  and  (4)  .  —  .F— .—  .J— .  —  K 

..  —  .Q       .  —  ..X       . .1      ..—  ..2      ...  —  .3 

—  ..  —  9  .  —  .  —  comma  .. ..  period 

—  ..  —  .  interrogation 
6.    Dot  and  space,      ..  .  C        .  .  O        .  ..  R        ..  ..  Y        ...  .  Z        ....  & 

The  method  to  be  followed  by  the  student  looks  to  the  repe- 
tition of  the  signals  for  these  letters  and  characters,  first  in  direct 
order  as  given,  and  then  in  reverse.  In  this  way  his  work  is 
graduated,  and  his  ear  will  soon  become  accustomed  to  the  differ- 
ence as  the  elements  increase  or  decrease.  Especially  is  this  true  in 
regard  to  the  first  mode  ;  and  in  connection  with  the  second  it  is  to 
be  noticed  that  while  the  dot  always  has  the  same  time  value,  the 
dash,  as  already  stated,  has  three  different  values,  as  indicated  by 
the  length  of  the  lines  for  T,  L,  and  cipher  in  the  chart.  The  T 
dash  repeated  gives  us  the  letter  M ;  used  thrice,  the  Fig.  5,  and 
four  times,  the  signal  for  a  paragraph. 

The  third  mode  includes  those  letters  and  characters  in  which 
a  dash  or  dashes  is  preceded  by  a  dot  or  dots.  They  represent 
the  letters  A,  U,  V,  W,  Fig.  4.  And  for  mode  four  we  have  a 
reversal  of  the  elements  in  the  preceding  one ;  dot  follows  dash, 
and  signals  are  thus  composed  for  letters  N,  D,  B,  G,  Figs.  7  and 
8,  and  the  exclamation  point. 

In  the  fifth  mode  the  order  is  miscellaneous ;  and  the  more 
complex  and  difficult  signals  thus  obtained,  have  assigned  to  them 
the  letters  least  often  used.  They  are  F,  J,  K,  Q,  X,  figures 
1,  2,  3,  9,  the  comma,  the  period  and  interrogation.  Last  come 
the  so-called  spaced  letters  —  of  all  the  signals,  requiring  in  their 
formation  and  grouping  the  most  care.  They  are  G,  O,  R,  Y,  Z, 
& ;  and  their  persistent  repetition,  both  singly  and  in  combinations 
of  short  words,  is  enjoined  upon  the  student. 

The  telegraphic  equivalents  of  all  the  letters,  figures  and 
more  common  punctuation  marks  having  been  given,  attention  is 
next  called  to  groups  of  letters  having  signals  somewhat  similar. 
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For  the  letters  and  characters  in  these  groups  the  student  can  find 
for  himself  the  signals  in  the  code  card.  He  can,  by  inspection, 
determine  for  himself  the  exact  difference  in  each  case,  as,  for  in- 
stance, in  the  first  of  the  following  groups  A  differs  from  I  by  the 
change  of  a  dot  into  a  dash.     1.     I,  A,  S,  U,  H,  V. 

2.  A,  F,  X,  comma,  W,  1. 

3.  U,  Q,  2,  period,  3, 

4.  K,  J,  9,  ?,  G,  7,  ! 

The  signals  for  these  letters  and  characters  having  by  repe- 
tition become  familiar  to  the  ear,  the  combination  of  letters  into 
words,  may  next  be  taken  up.  In  the  course  of  the  plodding  thus 
far  pursued,  the  learner  may  begin  to  think  that  the  slow  analj'sis 
by  the  brain  and  the  mental  noting  of  every  signal  must  be  an 
irksome  task.  But  he  will  find  as  he  advances  that  by  degrees 
the  analysis  becomes  mechanical;  certain  sounds  come  to  mean 
letters,  groups  of  sounds,  words.  The  real  alphabet  of  the  expert 
telegrapher  is  largely  one  of  words ;  to  him  the  clicking  of  the 
sounder  is  a  language,  and  its  interpretation  as  easy  as  that  of 
speech.  It  is  therefore  with  the  combination  of  letters  into  words 
that  we  have  now  to  do.  And  in  pursuance  of  the  progressive  plan 
the  exercises  revert'  at  this  point  to  the  order  in  which  the  signals 
were  classified;  that  is,  words  are  made  up  first  of  dot  letters, 
then  of  dash  letters,  and  so  on. 

1.  Of  the  dot  letters  can  be  formed  the  words  is,  she,  ship, 
hips,  his,  pies,  sip,  pipe,  sheep. 

As  it  is  not  possible  to  furnish  many  words  made  up  exclu- 
sively of  the  letters  in  each  group,  single  letters  from  other  groups 
are  here  and  there  borrowed  to  make  up  some  exercise  words ;  as 
for  instance,  in  the  old-time  favorites  with  learners,  pippin  and 
Mississippi,  in  which  N  and  M  belong  to  another  group. 

Exercises  in  words  containing  dot  letters : 

Dishes,  dispel,  high,  dipped,  Spanish,  spite,  shipshape,  dimin- 
ish, dishevel,  phase,  dapple,  hiss,  hissing. 

2.  Dash  letters :  Met,  tell,  till,  time,  miU,  pellmell,  metal, 
limit,  telltale,  mamma,  mammal,  minimum,  little,  time,  tittle, 
tattle,  emit,  timid,  multiple,  multitude,  dimmed,  maUet,  skillet, 
skimmed. 


16  THE    ELECTRIC    TELEGRAPH, 

S.  Dot  before  dash  letters :  Awe,  awful,  awl,  law,  mauve, 
value,  valve,  wave,  Eva,  vault,  view,  lava,  vamp,  haul,  pawl, 
squaw. 

4.  Dash  before  dot  letters :  Bend,  bidden,  gilded,  laden, 
dined,  begemmed,  dunned,  dabble,  nab,  ban,  Denbigh,  Big  Indian, 
quagga. 

5.  Combination  of  (3)  and  (4)  :  Julep,  jungle,  junk,  Fiji 
king,  fast  bind,  fast  find,  quit,  equal,  quaff,  quake,  exit,  exist,  ex- 
queen,  exquisite,  exhaust,  skiff,  piquant.  Affix  a  k  to  kin  and 
it  is  kink,  bequeath,  quaint,  mujik,  Ajax,  Xanthine,  jejune,  jujube, 
keg,  fix. 

Thus  far  no  words  containing  a  spaced  letter  have  been  ad- 
mitted. The  hand  and  ear  are  thus  first  accustomed  to  the  signals 
whose  elements  are  separated  by  a  uniform  interval  of  time.  By 
reference  to  the  code  card  the  learner  will  notice  the  difference  in 
the  spacing  between  s  and  c,  i  and  o,  s  and  r,  h  and  y,  h  and  z. 
The  addition  of  the  spaced  letters  makes  the  alphabet  complete, 
and  a  number  of  excellent  practice  words  omitted  heretofore  are 
now  available. 

6.  Spaced  letters :  Or,  err,  to  err  is  human,  errant,  comer, 
Corcyra,  correct  the  error,  eczema,  corollary,  co-operate,  Corcoran 
&  Co.,  coon,  raccoon,  circus,  circle,  cycle,  bicycle,  current,  currant, 
cracker,  firecracker,  chronicle,  coccyx,  buzzard,  zyrcon,  correlate, 
physics,  phantasmagoria,  rhododendron,  corrupt,  cohesion,  cordu- 
roy, road,  doiy,  hippopotamus.  There  is  no  royal  road  to  learn- 
ijig.  The  voice  said  Cry.  What  shall  I  cry?  According  to 
Sinbad  the  sailor,  the  roc's  egg  was  enormous  in  size.  Llewellyn, 
sassafras,  crown,  point,  parallelogram,  oyster,  eyelet,  icicle,  ice- 
cream, puzzle,  bamboozle,  binocular,  verdict,  door,  category,  oracle, 
rollicking,  moored, "  marooned,  pirate,  gyratory,  circumstance,  cir- 
cumgyratory,  paraphernalia,  jiffy,  effigy,  equinox,  quiz,  Quixotic. 
Peter  Piper's  peacock  picked  a  peck  of  pepper  out  of  a  pewter 
platter. 

A  few  easy  messages  of  ordinary  commercial  form  are  here 
introduced,  attention  being  called  to  the  fact  that  the  destination 
occupies  a  line  by  itself.  This  is  done  so  that  the  distributors  in 
the  larger  offices  can  catch  the  "  place  to  "  at  a  glance. 
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116  B. 


RN  MB 


11  Paid. 


RECEIVED  at  the . . .  BUILDING,. .  Broadway,  N.  Y.  July  12,   1902 

Dated  Bar  Harbor,  Me.,  12. _^ 

Xo    Theo.  Faulkner, 

Jenkintown,  Pa. , 


Can  give  same  room  as  last  year  —  twenty- 


eight  dollars.  Answer. 


(Sig.)      J.    S.    LYMAN. 


17  Ki. 


MO  N  D 


7  Paid. 


RECEIVED  at  the . . .  BUILDING, . .  Broadway,  N.  Y.July  12,  1902 
Dated  Kingston  Depot,  N.    Y.  ,    12. 

Xo    Mexican  Gulf  Agricultural  Co., _^^ 

Dallas,  Tex, 


Arrive  there  Monday  morning,  8.55 


(Sig.)    ALLEN 


UD 


20  D.  H. 


RECEIVED  at  the . . .  BUILDING, . .  Broadway,  N.  Y.July  12,   1902 
Dated  Mamaroneck,   N.    Y. ,    12. 


To 


G.  F.  Harriman, 


Pullman.  Co . , 


Detroit,.  Mich.  9 


Empire  Coupler  Co.  shipped  car  load  of 
couplers  to-day  in  D.  L.  &  W.  car  58,051. 
(Sig.)  H.  M.  WYATT. 
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In  the  top  line  the  first  space  contains  the  number,  and  gen- 
erally the  call  of  the  sending  station  ;  the  second  and  third  spaces, 
the  signals  of  the  sending  and  receiving  operators ;  the  fourth,  the 
check.     In  practice  the  signature  is  also  on  a  line  by  itself. 

By  attention  to  the  response  of  the  sounder  as  he  forms  the 
letters  on  the  key,  the  learner  has  now  to  some  extent  familiar- 
ized himself  with  the  sound  of  the  signals  as  he  translates  their 
form,  as  printed  in  the  code  card,  into  the  key  movements  neces- 
sary to  produce  the  dot,  space,  and  dash.  Reading  the  signals  as 
they  are  embossed  on  paper  by  a  "register,"  except  for  some 
special  uses,  has  become  obsolete  in  telegraphy,  so  that  it  is  with 
the  sound  that  the  learner  has  entirely  to  deal ;  and  the  signals 
from  which  he  must  copy  are  those  of  a  hand  not  his  own  on  a 
distant  key.  In  this,  as  in  handwriting,  there  are  individual 
differences ;  and  the  query  whether  operators  can  recognize  one 
another  over  the  wire  by  their  "Morse"  can  be  answered  affirm- 
atively. Since  much  depends  on  the  initial  practice  in  the 
formation  of  his  style,  the  learner  should,  if  possible,  at  the  out- 
set take  a  few  lessons  from  an  operator.  That  these  remarks 
are  practical  and  not  perfunctory,  the  writer. has  personal  knowl- 
edge at  the  present  time  of  the  contemplated  removal  of  ope- 
rators from  some  important  circuits  because  of  their  defective 
sending.  To  aid  in  the  formation  of  a  correct  style  the  signals 
have  been  presented  in  a  graded  form,  beginning  with  the  dot, 
which  is  the  unit  of  time,  passing  on  to  the  dash,  then  to  the 
various  combinations  of  dots  and  dashes,  and  lastly  of  dots  and 
spaces;  all  with  a  view  to  their  reproduction  in  words,  phrases 
and  sentences. 

The  Automatic  Sounder  Method.  It  was  intimated  that,  for 
beginners,  it  was  advisable  to  observe  closely  the  relative  length 
of  the  signals  as  indicated  by  the  chart,  especially  the  dashes, 
and  that,  on  this  account,  it  would  be  well  for  them  to  take  a  few 
lessons  from  an  operator  at  the  outset.  In  order,  however,  to  do 
away  with  the  necessity  for  this,  there  is  brought  to  their  notice  a 
device  of  Mr.  R.  W.  Elam  of  Valparaiso,  Indiana,  for  the  repro- 
duction of  signals  the  same  in  effect  as  if  sent  by  hand,  thus  sup- 
plying  in  a  great  measure  the  guidance  of  an  experienced  teacher. 
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The  apparatus  is  constructed  by  the  National  Automatic 
Transmitter  Company  and  is  furnished  to  students  by  the  Ameri- 
can School  of  Correspondence.  In  addition  to  the  apparatus 
itself,  the  student  is  supplied  with  a  set  of  records  representing 
the  letters  and  characters  in  the  Morse  code  ;  the  apparatus  repro- 
duces them  in  such  a  manner  that,  in  the  formative  period,  the 
learner  may  accustom  his  ear  to  the  signals  as  made  by  an  expert. 
These  records  are  exact  reproductions  of  the  characters  as  made  by 
hand;  having  been  transmitted  to  the  recording  perforator  by 
an  expert  operator  through  the  use.  of  an  ordinary  telegraph 
key.  So  natural  are  the  messages  thus  reproduced  that  the  indi- 
viduality of  the  sender's  "wire-writing"  can  be  detected. 

The  Apparatus,  In  the  form  furnished  to  students  it  is 
mounted  on  a  base,  11 J  by 
12  inches,  made  of  quarter- 
sawed  oak,  finely  finished; 
and  comprises  a  learner's 
outfit  consisting  of  a  key, 
sounder  and  battery  such 
as  have  been  previously 
described;  with  clock-work 
and  circuit-breaking  mech- 
anism through  which  moves 
a  strip  of  perforated  tape. 
To  the  axle  of  the  clock- 
work, where  it  projects 
through  the  frame,  is  af- 
fixed    a    friction    wheel 

which  imparts  its  motion  to  the  tape.  Between  the  wheel  and  the 
tape  holder  is  a  curved  pad  against  which  the  tape  is  pressed  by 
an  arm  pivoted  nearer  to  the  end  next  the  pad  which  we  will  call 
A;  the  other  end  we  will  call  B.  A  slight  deflection,  therefore, 
of  end  A  is  quite  marked  at  end  B;  the  movement  of  the  lattei 
is  limited  by  a  stop  similar  to  the  armature  of  a  relay.  Like 
the  relay  also,  at  its  end  B  the  pivoted  arm  and  the  stop  make 
connection  with  the  poles  of  a  local  battery,  so  that  when  contact 
is  made  between  the  arm  and  the  stop,  the  circuit  through  the 
sounder  is  closed;  when  the  contact  is  broken  the  sounder  is  open. 


AUTO-ALPHABET  INSTRUMENT. 
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The  slight  movement  of  the  arm  needed  to  operate  the  sounder  is 
effected  by  running  the  perforated  tape  between  the  end  A  of  the 
arm,  and  the  curved  pad;  when  the  end  A  is  against  the  paper  the 
sounder  is  open;  it  is  closed  whenever  end  A  drops  into  an  open- 
ing. 

In  the  tape  the  student  will  readily  see  that  the  smallest 
openings  represent  the  dots  of  the  Morse  code;  the  larger  ones  the 
dashes  of  different  lengths. 

Releasing  the  brake  with  which  the  mechanism  is  provided, 
the  paper  moves  forward,  imparting  to  the  pivoted  arm  a  series  of 
movements  which  the  sounder  translates  to  the  ear;  the  perforated 
tape  acts  as  an  automatic  circuit  breaker,  producing  the  signals  on 
the  sounder  precisely  as  the  key  does,  and  with  greater  accuracy 
as  to  relative  units  of  time.  In  effect  the  signals  are  being  sent 
by  hand;  to  have  them  at  his  command  is  a  great  advantage  to 
the  beginner,  some  of  whose  tendencies  to  error  are  set  forth  in  a 
later  paragraph. 

The  course  comprises  a-  series  of  records  capable  of  repro- 
ducing the  work  of  an  expert  as  effectively  as  if  he  were  listen- 
ing to  the  actual  working  of  a  wire.  Another  advantage  lies  in 
the  fact  that  the  speed  with  which  the  messages  are  sent  can 
be  varied  over  a  wide  range  so  that  the  student  can  use  a  slow 
speed  when  first  taking  up  the  work  and,  as  he  becomes  more 
expert,  can  increase  this  to  keep  pace  with  his  advance.  The 
instrument  can  also  be  made  to  repeat  any  given  message  as  many 
times  as  the  student  desires. 

To  insure  good  results  the  local  points,  where  the  arm  touches 
the  front  stop,  should  be  kept  clean ;  and  it  may  be  necessary  at 
times  to  pass  a  fine  file  lightly  between  them.  The  clockwork 
needs  no  attention  beyond  the  winding  up,  and  an  occasional 
oiling. 

The  parts  of  the  learner's  outfit  have  been  described  else- 
where, and  in  such  a  manner  as  should  make  clear  how  closely  it 
resembles  the  local  circuit  of  the  regular  Morse  Line.  In  placing 
the  tape,  see  that  the  signals  read  in  the  direction  away  from  the 
marking  arm.  The  speed  should  be  slow  at  first;  the  learner 
should  note  the  perforations  and  mentally  name  the  letters  and 
characters  as  they  pass  toward  the  arm,  so  that  when  the  sounder 
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records  them,  the  ear  will  associate  the  sounds  with  the  signals. 
A  number  of  these  strips  are  furnished  the  student;  but  the 
one  with  which  he  should  first  familiarize  himself  is  that  in  which 
the  exercises  follow  the  course  indicated  below;  the  words  are 
grouped  according  to  the  six  modes  just  indicated;  they  are  made 
up  first  of  dot  letters,  then  of  dash  letters,  and  so  on.  In  pursu- 
ance of  this  plan  the  particular  tape  in  question  is  perforated  to 

render  the  foliowinor : 

o 

Is  she  ship  his  pies  sip  pipe  sheep. 

The  learner  may,  if  he  chooses,  stop  the  movement  at  this 
point,  and,  going  back  to  the  word  ''  is,"  reproduce  the  series  any 
desired  number  of  times.  Following  upon  the  word  "  sheep"  the 
sounder  will  reproduce  the  following  words  composed  for  the  most 
part  of  dots: 

Dishes  dispel  high  dipped  Spanish  spite  shipshape  diminish 
pippin  Mississippi  dishevel  phase  dapple  hiss  hissing 

Following  upon  this  the  sounder  will  render  the  exercise 
words  in  paragraph  2:  Met  tell  till  time  mill  pellmell  metal  limit 
telltale  mamma  mammal  minimum  little  time  tittle  tattle  emit 
timid  multiple  multitude  dimmed  mallet  skillet  skimmed;  par- 
agraph  3:  Awe  awful  awl  law  mauve  value  valve  wave  Eva 
vault  view  lava  vamp  haul  pawl  squaw,  and  so  on  through  par- 
agraphs 4  and  5. 

Paragraph  6:  Or  err  to  err  is  human  errant  corner  Corcyra 
correct  the  error  eczema  corollary  co-operate  Corcoran  &  Co.  coon 
racoon  circus  circle  cycle  bicycle  current  currant  cracker  fire- 
cracker chronicle  coccyx  buzzird  zyrcon  correlate  physics  phan- 
tasmagoria rhododendron  corrupt  cohesion  corduroy  road  dory 
hippopotamus.     There  is  no  royal  road  to  learning. 

Some  Faults  of  the  Beginner.  The  learner  may  now,  with 
key  in  hand  held?  in  the  manner  indicated,  traverse  once  more  the 
ground  over  which  he  has  gone;  but  this  time,  he  goes  along  with 
the  notations  of  certain  incorrect  tendencies  and  faults  which  mark 
the  beginner's  w^ork.  He  can  take  up  those  letters  whose  elements 
are  simple  dots,  viz.,  e,  i,  s,  h,  p,  and  practice  on  the  words  already 
furnished,  or  upon  combinations  of  his  own.  He  will  be  interested 
at  this  point,  to  know  that  some  experienced  operators  cannot  make 
the   five   dots    which    form    the   letter  P.  and    that  many  mory 
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cannot  make  the  six  dots  of  the  figure  6.  If  the  learner  would 
avoid  the  **  seven,"  *'  eight,"  and  "  ten-dot "  habit,  he  should  start 
in  slowly,  giving  definite  values  to  his  dots,  making  the  inter- 
vals uniform,  until  some  approach  to  precision  is  reached.  Avoid 
shortening  or  clipping  the  final  dot,  and  make  sure  -by  actual 
count  at  first  that  the  correct  number  for  each  character  is  made. 

Following  upon  the  dot  mode  are  the  four  short  dash  charac- 
ters for  the  letters  T  and  M,  the  figure  5,  the  paragraph  ;  and  the 
elongated  dash  characters  for  L  and  cipher.  Here,  again,  a  ten- 
dency to  shorten  or  lengthen  the  terminal  dash  and  to  space 
unduly  the  successive  dashes  should  be  guarded  against.  It  is 
well  to  observe  at  first  the  relative  time  value  of  the  dashes,  but 
in  practice  the  cipher  and  L  dashes  approach  one  another  very 
closely  without  inconvenience.  Occurring  alone  or  among  other 
letters  the  long  dash  is  translated  as  L ;  among  figures  it  is  read 
as  cipher.  As  between  T  and  L,  the  usual  inclination  among 
learners  is  to  make  the  T  too  long  and  the  L  too  short. 

In  the  next  mode,  in  which  the  dot  or  dots  occur  first,  the 
tendency  is  to  separate  too  much  the  dot  and  dash  elements. 
The  interval  between  them  should  be  appreciable  to  the  ear,  but 
no  more.  The  places  of  these  elements  are  reversed  in  the  fourth 
mode  to  form  the  letters  N,  D,  B,  the  figures  7  and  8,  and  the 
exclamation  point.  The  first  two  should  offer  no  difficulty,  but 
B,  7  and  8  are  troublesome,  the*  tendency  being  to  add  in  each 
case  to  the  prescribed  number  of  dots.  There  are  operators  who 
make  the  figure  8  for  B,  and  a  dash  and  five  dots  for  8  ;  but  no 
one  careful  of  his  work  allows  himself  to  fall  into  this  habit. 

Then  there  is  that  combination  of  the  dot  and  dash  elements 
which  gives  us  the  letters  F,  J,  K,  Q,  A,  figures  1,  2,  3,  9,  the 
comma  and  the  period.  Of  these,  J  and  K  are  usually  considered 
the  most  difficult,  the  tendency  being  to  make  a  double  N  of  the 
J,  and  the  dashes  of  unequal  length  in  both.  The  last  mode 
brings  us  to  the  test  of  a  good  sender,  in  the  deftness  with  which 
he  makes  the  spaced  letters  unmistakable  to  the  receiver;  and  he 
does  this  by  such  slight  modifications  of  the  space  as  the  exigen- 
cies of  the  different  combinations  call  for.  The  space  in  these 
characters  is  a  prolonging  of  the  necessary  interval  between  the 
elements,  and  it  shoiild  be  just  enough  in  excess  of  it  to  make 


244 


THE    ELECTRIC    TELEGRAPH. 


23 


the  letters  O,  C,  Z,  for  instance,  distinguishable  from  I,  S 
and  H ;  and  the  spaces  between  the  successive  letters  of  a  group 
of  spaced  letters  should  be  slightly  greater  than  the  ordinary  let- 
ter space.  Some  unfamiliar  words,  such  as  coerce,  offer  such  a 
succession  of  spaced  letters  that  it  is  usual  for  careful  operators  to 
repeat  the  word  thus :  coerce  ?  coerce  —  the  interrogation  point 
implying  "  Did  you  get  it  correctly  ?  "  It  should  hardly  be  neces- 
sary to  warn  the  learner  against  the  stereotyped  mistake  of 
beginners  —  that  of  going  over  a  great  deal  of  ground  and  doing 
nothing  thoroughly.  The  real  progress  lies  in  correct  work  as 
one  goes  along,  and  accuracy  at  first  in  the  formation  of  the  sig- 
nals will  lay  the  foundation  for  safe  and  rapid  work.  The  stu- 
dent has  already  been  apprised,  by  means  of  three  examples,  what 
the  ordinary  message  form  is  ;  but  something  more  than  "  a 
learner's  outfit"  is  needed  for  the  exchange  of  messages.  The 
point  has  now  been  reached  for  the  consideration  of  the  main-line 
circuit,  to  which  the  electric  bell  and  the  local  circuit  have 
formed  a  kind  of  introduction. 

THE  MAIN-LINE   CIRCUIT. 

As  compared  with  the"  local  circuit,  or  learner's  outfit,  no  new 
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principle  is  involved  in  its  operation.  The  local  circuit,  with  its 
few  yards  of  connecting  wire,  has  all  the  essential  features  of  the 
longest  Morse  line  working  single ;  the  differences  are  merely 
those  of  adaptation  to  new  conditions. 

First  to  be  made  clear  is  the  difference  between  a  metallic 


245 


24 


THE    ELECTRIC    TELEGRAPH. 


and  a  ground  circuit,  as  exemplified  in  a  local  and  a  main-line ; 
and  the  location  of  the  latter  battery  with  respect  to  the 
the  main  line.  Reverting  now  to  the  battery  in  the  local  circuit 
(Figs.  3  and  4),  it  will  be  noticed  that,  where  the  sides  of  the 
cells  adjoin,  the  two  unlike  poles  are  connected  by  a  short  piece 
of  wire.  This,  with  the  longer  piece  passing  through  the  instru- 
ments aild  connecting  the  other  poles,  forms  what  is  called  a 
metallic  circuit,  because  the  entire  path  of  the  current  is  of  metal. 
If  the  short  piece  of  wire  between  the  cells  be  broken  in  two  and 
both  ends  sunk  in  the  damp  earth,  the  circuit  will  be  found  intact 


as  before,  the  current  finding  a  path  through  the  ground;  and  in- 
stead of  a  metallic  we  have  what  is  called  a  "ground,"  or  (in 
England)  "  earth  "  circuit.  At  this  stage  we  must  content  our- 
selves with  the  fact  that  the  earth  acts  as  a  return  wire;  the 
reason  for  it  belongs  to  the  theory  of  electricity.  The  main  line 
is  a  ground  circuit,  not  a  metallic  one ;  and  the  location  of  the 
main  batteries  relatively  to  the  rest  of  the  circuit  is  made  plain  in 
Fig.  6.  In  it  are  shown  two  terminal  stations,  each  with  main 
battery,  relay  R  and  key  K  ;  and  between  them  is  an  intermedi- 
ate station.     The  circuit  here  shown  may  be  hundreds  of  miles  in 
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length.  The  cells  at  each  terminal  are  usually  about  150  in  num- 
ber; at  terminal  A  in  the  drawing  the  copper  pole  is  grounded, 
and  the  zinc  goes  to  the  main  line ;  at  terminal  C  these  conditions 
are  reversed. 

Between  the  terminals  there  may  be  a  score  or  more  of  inter- 
mediate stations,  of  which  only  one  (B)  is  represented  in  the 
drawing;  and  as  its  position  in  regard  to  the  main  line  is  made 
clear,  the  details  of  an  intermediate  station,  hitherto  passed  over, 
are  now  to  be  described.  For  this  purpose  attention  is  called 
to  Fig.  7,  in  which  is  shown,  more  in  detail  than  in  Fig.  2,  an 
intermediate  or  way-station,  with  its  main  lines  appearing  at 
the  top,  its  switchboard,  relay,  key,  sounder  and  local  circuit 
(dotted  line)  all  complete.     As  compared  witli  the  "  learner's  out- 
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fit"  the  additional  parts  are  the  relay  and  switchboard  Sw.  The 
wires  marked  "  main  line "  are  identical  with  those  extending  in 
either  direction  from  station  B  in  Fig.  6.  In  connection  with 
relay  R,  Fig.  7,  the  dotted  lines  which  are  seen  in  Fig.  4  inserted 
in  a  key  are  replaced  in  the  thumbscrews  of  the  relay ;  and  the 
armature  and  front  stop  of  the  relay  are  again  a  part  of  the  local 
circuit.  The  coils  of  the  relay  cores,  of  which  the  thumbscrews 
Y  Y  are  the  terminals,  form  part  of  the  main  circuit,  just  as  the 
coils  of  the  sounder  in  Figs.  3  and  4  form  part  of  the  local  cir- 
cuit ;  but  in  the  construction  of  the  relay  as  compared  with  the 
sounder,  some  new  features  may  be  noted.  The  latter  instrument 
is  operated  by  a  battery  close  at  hand,  for  which  only  a  few  yards 
of  wire  are  required ;  but  the  relay  is  only  one  of  a  number  of 
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similar  instruments  operated  by  a  battery  or  batteries  through 
hundreds  of  miles  of  wire  —  a  problem  in  which  the  matter  of 
economy  is  also  a  factor.  The  cells  of  battery  at  each  main  line 
tenninal  was  given  as  150;  but  even  with  this  number  a  meter 
inserted  in  the  main  line  of  an  ordinary  telegraph  circuit  would 
show  a  very  feeble  current.  If  an  ordinary  sounder  were  "  cut  in  " 
on  such  a  line,  there  would  be  no  response  of  the  armature  to  the 
opening  and  closing  of  the  circuit,  for  the  reason  that,  the  wind- 
ing of  its  coils  is  not  suited  to  the  conditions.  But  in  the  relay, 
in  order  to  obtain  a  sufficient  amount  of  magnetism,  the  coils  are 
wound  with  many  more  turns  of  much  smaller  wire.  To  make 
room  for  the  additional  turns,  the  soft  iron  cores  are  made  longer; 
because  of  their  length  they  are  placed  parallel  with  the  base 
instead  of  standing  up,  and  the  other  parts  are  made  to  corre- 
spond. The  winding  of  the  relay  coils  has  its  terminals  in  thumb- 
screws y  Y,  Fig.  7 ;  and  if  from  one  of  them  the  main  line  wire 
is  detached  and  tapped  firmly  against  the  thumbscrew,  not  only 
will  armature  D  of  relay  R  respond  to  the  action,  but  all  the 
relays  on  the  line,  be  they  two  or  twenty,  open  and  close  in  unison 
with  the  non-contact  or  contact  of  the  detached  wire  with  the 
thumbscrew.  Then  because  the  movement  of  the  armature  of  the 
relay  opens  and  closes  the  local  circuit  of  each  and  every  relay 
along  the  line,  the  sounder  in  each  local  circuit  moves  in  unison 
with  the  home  relay —  a  result  brought  about  by  merely  tapping 
the  thumbscrew  of  the  home  relay  with  the  main  line  wire  tempo- 
rarily detached  from  it.  But  the  detaching  and  tapping  method 
has  been  resorted  to  only  to  emphasize  for  the  learner  the  essential 
features  of  a  telegraph  circuit.  In  practice  the  tapping  is  done 
much  more  conveniently  with  the  key,  with  whose  use  the  learner 
is  presumed  to  be  already  somewhat  familiar.  And  as  he  either 
has  one  in  his  possession,  or  the  use  of  one,  he  can  examine  its 
construction  for  himself,  so  that  a  description  of  it  here  is  unneces- 
sary. With  the  key  in  the  main  line  circuit  to  do  the  work  done 
by  detaching  the  wire  from  the  relay,  it  is  plain  that  all  the 
instruments  in  the  circuit  can  be  controlled  by  the  movements  of 
the  key ;  when  the  operator  opens  the  key  by  moving  the  curved 
arm  from  under  the  spur  (see  Fig.  4),  all  the  relays  instantly 
open  ;  when  he  depresses  the  lever  they  all  as  instantly  close.     This 
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result  is  possible  because  of  the  velocity  of  the  current  —  the  time 
consumed  in  traversing  five  hundred  miles  being  inappreciable. 
It  should  now  be  plain  to  the  learner  how  it  is  that  the  control  of 
a  key  at  any  point  in  the  circuit  enables  him  to  exchange  signals 
with  a  distant  station  ;  and,  in  doing  so,  he  "  telegraphs  "  or,  as  the 
word  means,  writes  at  a  distance ;  for  telegraphy  is  distance  writ- 
ing, just  as  telephony  is  distance  speaking. 

Mention  may  be  made  here  of  a  new  form  of  key  which 
in  its  construction  and  operation  is  a  radical  departure  from 
the  form  hitherto  in  general  use.  The  handling  of  the  ordinary 
key  for  any  length  of  time  is  a  serious  tax  on  the  muscles 
of  the  forearm,  resulting  in  some  instances  in  an  ailment  known 
as  "telegraphers  cramp.'*  The  new  form  of  key  was  devised 
with  a  view  to  relieve  the  strain  on  the  forearm  by  a  form  of  lever 
which  is  not  only  initially  different  from  the  ordinary  one,  but 
admits  of  being  instantly  shifted  into  various  positions,  as  the 
sender  feels  the  need. 

THE  SWITCHBOARD. 

One  part  of  the  apparatus  of  a  way-station  remains  to  be  de- 
scribed ;  it  is  called  the  "  switchboard,"  and  is  usually  secured  to 
the  wall  over  the  operating  desk.  It  enables  the  operator  to 
chano-e  the  arrangement  of  the  wires  leading  from  the  desk  with 
respect  to  the  main  line,  and  to  the  ground.  It  is  simply  a  board 
of  well-seasoned  wood,  fitted  in  front  with  metal  strips  running 
vertically  and  terminating  in  thumbscrews;  horizontally  across 
the  board  are  rows  of  small  circles  of  metal,  called  discs,  whose 
stems  pass  tlirough  the  board,  at  whose  back  each  row  is  connected 
together  with  a  wire  terminating  in  thumbscrews  in  front  and  at 
one  side  of  the  board.  The  strips  and  discs  are  so  constructed 
with  reference  to  each  other,  that  connection  can  be  made  between 
them  by  a  metal  peg  having  a  short  handle  of  rubber.  The  switch- 
board is  seen  in  position  in  Fig.  7,  but  is  reproduced  on  a  larger 
scale  in  Fig.  8.  The  different  rows  of  discs  (each  row  having  a 
connecting  wire  at  the  back)  have  their  terminals  in  the  thumb- 
screws 3,  4,  5,  6,  of  which  4  and  5  make  direct  connection  with 
the  relay  and  key,  and  6  makes  connection  with  the  ground. 
Suppose  the  way-station  to  be  between  New  York  and  Albany; 
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let  M  represent  the  main  line  from  New  York,  making  connection 
with  the  thumbscrew  1 ;  and  M'  the  wire  to  Albany  connecting 
with  2.  Look  briefly  at  a  few  changes  in  the  connections  that 
can  be  made  by  means  of  two  metal  pegs.  Suppose  each  of  the 
discs  in  a  given  row  to  be  numbered  as  shown  on  the  right  of  that 
row.  Connect  with  pegs  1,  3  and  3,  2.  In  this  case  the  current 
would  simply  pass  from  bar  to  bar  across  the  middle  disc  3  with- 
out affecting  the  instruments  at  all ;  and  in  this  position  of  the 
pegs  they  are  said  to  be  "  cut  out."  Move  the  peg  in  1,  3  to  1,  4 
and  the  main  line  circuit  is  open  because  there  is  connection  only 
between  discs  of  the  same  row.  Move  the  peg  in  3,  2  to  5,  2  and 
the  current  has  to  pass  through  kcjy  and  relay  in  going  from  one 
upright  bar  to  the  other,  and  the  apparatus  is  said  to  be  "cut  in." 
The  drawing  represents  the  switchboard  in  its  simplest  form,  and 
the  operations  indicated  are  the  most  ordinary ;  but  if  the  learner 
will  bear  in  mind  that  the  discs  are  connected  with  each  other 
only  in  straight  lines  across  the  board,  he  can  trace  out  for  himself 
other  peg  connections  of  discs  and  bars  and  the  changes  they 
bring  about  in  the  circuit.  For  instance,  discs  6  all  connect  with 
the  ground.  '  Remove  the  peg  from  1,  4  to  1,  6  and  from  5,  2  to 
6,  2  i  the  wire  from  both  directions  is  now  grounded,  with  the 
result  that  there  are  now  two  independent  circuits —  one  in  each 
direction  from  the  way-station  whose  operator  could  now  work- 
with  either  New  York  or  Albany,  but  the  stations  named  would 
be  cut  off  one  from  the  other.  Restore  the  pegs  to  their  original 
position  in  1,  3  and  3,  2,  and  the  terminal  stations  can  work  with 
each  other,  but  the  way-station  is  once  more  "  cut  out."  This  is 
the  position  in  which  the  pegs  should  be  placed  when  the  operator 
leaves  the  office,  or  during  a  thunderstorm.  But  for  the  latter 
incident  there  is  generally  arranged  a  "cut  out"  outside  the  office. 
Many  intermediate  stations  have  more  than  one  wire  and  switch- 
board to  correspond,  and  it  would  be  possible  to  fill  pages  with 
the  combinations  that  might  be  effected ;  but  sufficient  explanation 
has  been  given  to  indicate  the  method  which,"  when  once  under- 
stood, can  easily  be  extended  and  applied  to  suit  larger  needs. 

In  the  care  and  adjustment  of  his  instruments,  the  operator 
should  see  that  the  local  points  of  his  relay  and  the  points  of  his 
key  are  clean ;  he  should  be  on  his  guard  to  see  that  the  armature 
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of  liis  relay  or  sounder  does  not  hit  upon  the  soft  iron  of  the  cores. 
A  good  way  to  assure  himself  of  this  is  to  pass  a  piece  of  paper  at 
times  between  the  armature  and  the  core.  Instructions  in  the 
care  of  the  local  battery  are  now  in  order ;  but  they  differ  with 
the  kind  of  battery  used,  and  are  usually  furnished  in  the  book  of 
rules  of  each  company. 

The  purpose  up  to  this  point  has  been  to  give  the  reader  an 
idea  of  the  apparatus  employed  in  telegraphy.  It  has  been  em- 
phasized thus  far  that  the  essential  features  of  the  local  circuit, 
viz.,  battery,  electro-magnets,  and  connecting  wires,  are  all  repro- 
duced in  the  main  circuit,  the  dijfferences  being  only  those  of 
adaptation  to  new  conditions. 

With  this  statement  a  reversion  is  now  made  to  the  practical 
•^ — to  the  matter  of  the  exchange  of  messages,  of  which  some 
examples  of  the  ordinary  form  have  already  been  given.  The 
greater  part  of  the  business  handled  by  the  commercial  companies 
is  of  the  kind  exhibited  ;  but  the  work  of  the  operator  would  be 
easy  if  it  consisted  in  exchanging  only  such  messages  as  the  sam- 
ples. In  addition  to  the  ordinary  form,  there  are  those  known 
among  telegraphers  by  the  following  terms :  Wire,  service,  for- 
warded message,  repeated  back,  government,  grain,  transfer,  cipher, 
number  group,  circular,  C.  N.  D.  (Commercial  News  Department), 
marine,  and  railway  D.  H.  Then  there  is  the  press  service,  mak- 
ing use,  in  some  cases,  of  fixed  forms  for  a  baseball  score,  golf 
score,  and  the  like.  Of  ordinary  press  matter  the  volume  on  cer- 
tain occasions,  such  as  a  presidential  convention,  is  great.  At  the 
present  time  much  of  the  press  matter  is  handled  on  wires  leased 
from  the  telegraph  companies  by  the  press  associations,  and  their 
carrying  capacity  is  increased  by  the  use  of  a  code  which  enables 
an  operator  to  transmit  as  fast  as  an  expert  typewriter,  at  his 
highest  speed,  can  copy.  Of  code  telegraphy,  some  details  will  be 
given  later  on.  In  addition  to  all  these  the  art  has  been  special- 
ized by  railway  companies  in  the  movement  of  their  trains  and 
traffic,  also  by  brokers  and  large  commercial  houses,  to  such  an 
extent  that  even  an  expert  operator  must  serve  an  apprenticeship 
inorder  to  fit  himself  for  the  rapid  work  in  these  specialized  forms. 

Of  the  different  kinds  of  messages  just  enumerated,  the  first 
two  designations   are  self-explanatory,  the  former   having  to  do 
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with  the  assignment,  arrangement,  and  cross-connection  of  wires; 
the  latter  with  the  forwarding,  re-addressing,  and  delivery  of  tele- 
grams. Service  messages  have  to  do  with  the  movement  of  the 
despatch  from  the  customer  to  the  hands  of  the  party  addressed, 
and,  if  errors  have  been  made,  with  their  correction. 
•  The  following  are  examples  of  this  form  of  message  : 
Marietta  Pa  ofs. 

Give  full  address  Oswald  Denberg.  We  fail  to  locate 
your  msg  date  signed  National  El.  Co.  S.  Y.  S.  (sig)  Munn, 
New  York. 

The  use  of  abbreviations  will  be  noted ;  and  for  some  con- 
stantly recurring  phrases,  such  as  "see  your  service,"  only  the 
initials  are  used.  "  Give  better  address  "  is  similarly  represented 
by  G.  B.  A. 

Munn,  N.  Y. 

Pis  D.  W.  C.  from  original  yours  today  Carnegie  Steel 
Co.  signed  Union  National  Bank,  A.  L.  Dignam  Cashier. 
Same  reaches  us  dated  Waterbury  Conn. ;  Carnegie  say  think 
should  be  dated  Watertown  N.  Y.     Advise  my  care. 

(sig)  Phila.,  Pa. 
In  this  case  a  "  duplicate  with  care  "  is  requested. 
An  extra-date  message  is  one  that  has  been  received  by  mail 
at,  say,  Albany  office ;  or,  having  come  over  another  line,  has  been 
handed  in  to  be  sent  forward,  and  takes  this  form  : 
116 A         Bn  Mo  15  Paid 

Berlin,  N.  Y.  Oct.  26,  via  Albany  Oct.  26 
Adam  Brown, 

Bridgeport,  Conn. 
Have  been    unexpectedly  detained.     Meet   me   next 
Monday  at  ten.  H.  Brosnan. 

In  this  case  the  five  words  "  Berlin  N.  Y.  Oct.  26  "  are  added 
in  and  charged  for  as  part  of  the  message.  It  is  customary  when 
the  party  to  whom  a  message  is  addressed  has  le'ft  town,  to  for- 
ward it  to  a  given  address,  in  which  case  the  forwarding  station, 
with  the  word  via,  appears  in  the  date,  and  the  originating  sta- 
tion and  date  are  charged  for,  the  same  as  in  the  example  just 
given. 

Occasionally  the  sender  of  a  message,  to  insure  its  correct- 
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ness,  requests  a  repetition,  in  which  case  the  words  "repeat  back  " 
are  inserted  in  the  check  and  included  in  the  count.  For  such 
repetition  a  charge  of  a  rate  and  a  half  is  made.  A  "  night  mes- 
sage "  does  not  differ  in  form  from  the  examples  of  paid  messages 
already  given,  except  that  it  is  always  copied  on  a  blank  printed 
in  red  ink,  and  in  the  check  is  inserted  the  word  "  night,"  which 
is  not  counted.  In  all  collect  messages,  whether  day  or  night,  the 
word  "  collect "  is  counted  as  if  part  of  the  body  of  the  message. 

Government  messages  are  exchanged  between  the  officials  of 
the  United  States  government  and  its  employees,  and  differ  from 
the  ordinary  form  in  that  the  address  and  signature  are  counted 
as  part  of  the  body  of  the  message,  thus : 

197W     Kn  Mg  28  Paid  Gov't 

Washington,  D.  C.  June  24 
Col.  H.  K.  Ames 

Memphis,  Tenn. 

Forward  to  J^ew  Orleans  all  the  tents  and  rations  you 
can  spare  in  aid  of  the  flooded  district. 

(sig)  E.  M.  Harrison, 

Conmiissary  General. 

The  text  or  body  of  this  message  contains  only  seventeen 
words  ;  but  the  count  of  every  woid  in  the  address  and  signature 
makes  the  check  twenty-eight. 

A  prominent  feature  of  commercial  telegraphy  at  the  present 
day  is  the  fjicilities  provided  for  the  quick  interchange  of  messages 
between  Produce,  Stock,  and  Cotton  Exchanges  in  cities  remote 
from  each  other,  the  circuit  arrangements  being  such  that  the 
members  of  these  bodies  can  carry  on  their  trading  with  a  celerity 
and  correctness  that  leave  little  to  be  improved  upon.  Many  of 
these  traders  have  their  own  private  wires ;  but  the  greater  part 
of  this  class  of  business  is  carried  on  by  the  New  York  Produce 
Exchange  with  the  different  grain  centres,  such  as  Buffalo,  Toledo, 
Detroit,  Chicago,  Duluth.  In  the  forms  of  messages  hitherto 
given  each  message  is  preceded  by  its  number,  the  signals  of  the 
sending  and  receiving  operators,  and  the  check.  In  the  exchange 
of  grain  orders  all  this,  with  the  exception  of  the  number,  is  dis- 
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pensed  with.     To  show  the  difference  in  usage  between  the  ordi- 
nary and  the  exchange  form,  a  message  is  given  in  both: 
B123         Da      Mo  7  Paid 

Ex  Chicago,  May  18 
J.  C.  Ladenberg, 

New  York. 
Sell  five  July  corn  at  sixty  half. 

(sig)  M.  J.  Allen. 
In  practice  this  would  be  transmitted  in  abbreviated  form, 
thus: 

B186     7  Pd. 

Ex.  J.  C.  L.     Sell  etc.  (sig)  M.  J.  A. 

Such  work,  of  course,  calls  for  experience  on  the  part  of  the 
operator  and  great  familiarity  with  the  names  of  his  patrons  ; 
these  being  granted,  the  volume  of  business  that  can  be  handled 
during 'exchange  hours  is  large. 

There  has  been  evolved  in  connection  with  the  telegraph  ser^ 
vice  a  great  convenience  to  the  business  community  in  the  order 
by  wire  to  pay  to  one  party  money  deposited  by  another  —  a  trans- 
action possible  between  cities  on  opposite  sides  of  the  continent. 
The  instrument  of  this  exchange  is  a  message  called  a  "  transfer," 
of  which  the  following  is  the  common  form : 
B17I     Dq      Rn  17  Free 

Hartford,  Conn.  June  19 
J.  D.  Mallory, 

Henderson,  Texas. 
Pay  to  N.  D.  Hilliard,  Hotel  Baldwin,  gilt  bald  edge- 
ways from  E.  L.  Adams,  Jr.,  Hartford.  Vigilant 
(sig)  H.  N.  Tallman, 

Transfer  Agent. 
It  is  a  curious  fact  in  connection  with  the  "  transfer  '*  that 
in  place  of  the  very  commonly  used  D.  H.  for  "  deadhead  "  in  the 
check,  the  word  "  free  "  has  always  been  retained.  It  is  said  that 
the  use  of  this  rather  grim  phrase  with  the  meaning  **  no  chaige  " 
dates  as  far  back  as-  the  Roman  times,  when  free  admission  to  the 
circus  and  the  theatres  was  gained  by  the  presentation  of  a  carved 
death's  head  furnished  by  the  authorities. 
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THE  CIPHER  riESSAQE. 

In  the  above  message  it  will  be  noticed  that  the  amount  to  be 
paid  is  indicated  by  words  without  meaning  to  the  outsider ;  and 
it  concludes  with  "  Vigilant,"  which  is  understood  to  mean  "iden- 
tification is  required."  The  "  transfer "  is,  therefore,  in  part  a 
cipher —  a  form  of  message  much  in  favor  among  patrons  of  the 
telegraph.  It  involves  the  representation  of  a  word  or  phrase  by 
a  word  arbitrarily  chosen,  and  therefore  imderstood  only  by  those 
concerned ;  and  this  is  very  nearly  the  dictionary  definition  of  the 
word  "  cipher  "  used  in  the  sense  of  a  secret  writing.  Its  use  in 
telegraphy  serves  the  double  purpose  of  economy  and  secrecy; 
and  incidentally  some  forms  of  it  greatly  tax  the  patience  of  the 
operator.  As  the  meaning  of  the  cipher  is  the  concern  only  of 
the  correspondents,  there  may  be  as  many  systems  as  there  are 
patrons  ;  but  among  business  men  the  phrases  in  common  use  be- 
came so  numerous  that  cipher-making  itself  became  a  business. 
At  the  present  time  quite  a  number  of  systems  are  in  use ;  so  that, 
to  carry  on  a  secret  telegraphy,  the  patron  needs  only  to  buy  two 
copies  of  any  preferred  code  —  one  for  himself,  and  one  for  his  cor- 
respondent. As  the  words  representing  the  different  phrases  are 
generally  chosen  arbitrarily,  any  number  of  English  words  chosen 
at  random  might  be  taken  to  form  the  text  of  a  "  cipher  "  message. 
But  portions  of  two  or  three  with  fictitious  addresses,  are  here 
given  to  bring  the  learner  into  touch  with  the  reality. 
B67     Ha      Ks  10  Paid 

New  York,  June  19 
L.  M.  Hazeltine, 

Boulder,  Col. 
Metemperic  entire  peasoup  velvetleaf  bondmaid  eighteen 
birthsongs  thalarctos  each  periwig. 

(sig)  Alpha. 
B68     Pq  An  11  Collect 

North  Adams,  Mass.  June  21 
C.  K.  Thurber  &  Co. 

New  York. 
Admixed  unaided  unbias  aleak  unapplied  fetch  andiron 
marauding  maroon  hairpin. 

(sig)  E.  M.  Seymour. 
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» 

In  this  last,  as  in  all  messages  similarly  checked,  the  word 
"collect"  is  counted.  Of  the  more  difficult  forms  of  cipher  that 
in  use  by  the  large  business  houses  of  the  West  furnishes  two 
examples  : 

C18     Mo      Ns  20  Paid 

Kansas  City,  Mo.  June  21 
L.  M.  Wetstein, 

New  York. 
Molucris  morbescunt  desque  cow  dexterous  demulsion 
facial  gildos  holzstoss  hoodwink  hymnifero  hamaux  marandara 
vetader  no  vetachtig  motandos  fatichera  komplot  salami. 

(sig)  Robum. 

D21     Aj      So  15  Collect 

Indianapolis,  Ind.  June  24 
R.  A.  Clarkson, 

Middletown,  N.  Y. 
Asander  unbespeak  umsetzbar  unbeing  boneless  mar- 
agnon  monarch  cervelat  disallowed  each  car  alamoth  arrodeth 
absorb. 

(sig)  Schievelin. 

Quite  commonly  these  messages  contain  several  hundred  words, 
and  no  knowledge  of  English  or  of  any  other  language  is  of  much 
aid  to  the  receiving  operator  ;  he  must  watch  for  each  letter,  and 
pen  or  typewrite  the  signals  as  they  arrive.  It  should  be  apparent 
at  a  glance  what  an  indispensable  aid  to  this  work  the  typewriter 
is.  By  means  of  it  these  unintelligible  words  are  copied  in  a  man- 
ner that  makes  them  unmistakable  to  the  reader,  and  the  receiver 
has  no  need  to  resort  to  the  old  expedient  of  *'  writing  in  "  the 
Morse  characters  under  the  letters  imperfectly  formed  by  the  pen. 

The  Cable  Messag^e.  The  high  tolls  charged  for  cable  ser- 
vice makes  the  use  of  cipher  in  their  composition  very  common. 
The  address  and  signature  of  each  message  is  counted,  and  the 
former  is  often  tran^smittedas  a  cipher  word,  which  is  duly  registered 
for  reference  when  needed  ;  for  instance,  Havicam,  London,  might 
stand  for  Haviland,  Campbell  &  Co.,  at  any  address  in  that  city 
they  chose  to  give.  A  single  example  only  of  a  cable  message 
need  be  given,  as  the  one  form  is  quite  generally  followed. 
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5f2  Yv  Kn  Duluth  10 

Rich  fig, 

Rotterdam. 

Ascanilota  apilatori  makobojoss  Koln  luhoto 

schizandra  pythao  (sig)  Blockland. 

Several  of  the  words,  it  vs  ill  be  noticed,  contain  just  ten  letters. 
This  is  the  permissable  limit  for  one  word  ;  if  exceeded,  the  word  is 
counted  as  two,  except  in  case  of  the  destination,  as  Constantinople. 
The  correct  handling  of  cables  involves  many  matters  of  detail  in 
regard  to  the  "  count "  which  requires  some  little  practice  to  master 
properly. 

A  unique  form  of  cipher  deserving  of  mention  here,  makes  a 
message  to  consist  entirely  of  groups  of  figures,  usually  five  in  a 
group  and  in  this  form:  17641,  75689,  84356,  09543,  and  so  on 
through  hundreds  of  groups.  For  the  nought  beginning  the  last 
group  the  signals  for  T  W  —  dash,  dot,  dash,  dash  —  are  sometimes 
used.  This  form  of  cipher  seems  to  be  much  used  in  correspond 
ence  between  the  different  governments  and  their  representatives 
and  agents. 

The  circular  message,  as  its  name  indicates,  has  a  number  of 
addresses  with  a  common  text,  or  body.  For  this  form  the  senders 
generally  avail  themselves  of  the  night-rate  service.  Except  for 
the  plurality  of  the  addresses,  each  one  of  which  in  sending  is 
separately  numbered,  it  does  not  usually  differ  in  form  from  the 
ordinary  message. 

The  ♦*C  N.  D."  The  Commercial  News  Department  message 
is  as  unique  in  appearance  as  it  is  different  in  form  from  the  others. 
The  department  is  an  agency  for  systemized  and  detailed  advice 
in  matters  of  commercial  interest  as  they  transpire  in  the  different 
exchanges,  and  in  sporting  matters  to  individual  patrons  and  cus- 
tomers. For  transmission  by  the  operator  the  message  is  usually 
written  either  on  a  pink  blank  or  on  a  sheet  of  yellow  manifold. 
One  such,  picked  up  at  random,  reads  :  ''  Add  Charleston.  Quiet 
8|  Sales  50  .  .  .  2.31  "  This  is  a  quotation  of  cotton,  and  the 
time  when  written  takes  the  place  of  the  signature.  Another 
reads : 
«  Detroit  close  2.25 

« Dw  84b  Red  &  m     81  N  76  U  751  .  .  .  1.15  " 
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To  the  initiated  this  means  :  Cash  wheat  84  bid ;  Red  and  mixed  81 
July  76  September  75i.  1.15  is  the  Detroit  time;  2.25  is  the 
time  received  in  New  York.  Another,  addressed  to  a  summer 
hotel  on  Long  Island,  reads  : 

"Stocks  A81|;  St  175;  MP109|  ;  USS37|. ;  U  105  .  .  . 
10.16  A.M.,"  in  which  A  stands  for  Atchison,  Topeka  and  Santa 
Fe ;  St  for  St.  Paul,  and  so  on  through  the  list. 

These  brief  examples  give  the  merest  hint  of  tlie  traffic  of 
this  elaborate  system ;  and  so  diversified  are  its  forms  it  takes 
weeks  and  in  some  cases  months  of  training  to  make  even  a 
skilled  operator  master  of  the  service. 

The  Marine  Message.  The  natural  interest  of  the  friends  of 
those  at  sea  in  the  sighting  of  their  ships,  and  their  desire  to  know 
the  probable  time  of  their  arrival  at  the  dock  in  New  York,  led  to 
the  organization  of  the  Marine  Department,  which,  on  payment  of 
a  certain  sum,  furnishes  the  information  in  the  following  form : 
Marine  Department,  New  York,  June  2. 

George  Homer,  351  West  14th  St.,  New  York. 
Steamer  "  Columbia  "  will  arrive,  unless  detained  at  quaran- 
tine, about  6.30  p.m.  (Sig.)  Manager  Marine  Department. 
This  service  is  almost  as  old  as  the  telegraph  itself,  and  it  remains 
to  be  seen  how  far  the  wireless  system  will  modify  it.  It  is  cer- 
tainly in  this  direction  that  the  latter  syfjtem  should  first  make 
itself  felt. 

Of  the  railway  D.  H.  a  short  example  has  already  been  given 
as  one  of  the  three  specimens  of  the  ordinary  message.  Its  marks 
are  the  use  of  initials  and  groups  of  figures  in  which  each  digit  is 
counted  as  a  word.  They  are  frequently  of  great  length,  and  re- 
quire some  care  in  copying  in  order  not  to  lose  the  count. 

Abbreviated  Telegraphy.  A  notable  development  of  the  art 
in  connection  with  the  fast-speed  press  work  involves  the  use  of 
abbreviations  according  to  a  system,  and  is  known  among  the 
craft  as  Code  Telegraphy.  It  was  always  more  or  less  the  custom 
among  press  operators  to  abbreviate  familiar  and  frequently  recur- 
ring words  and  phrases  when  sending  to  experienced  mates  ;  but 
the  introduction  of  the  typewriter  gave  such  impetus  to  the  art 
that  a  codified  Morse,  at  the  present  time,  is  not  far  behind  the 
speed  of  ordinary  speech.     Beginning  with  the  Morse  alphabet, 
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figures  and  ordinary  punctuation  marks,  the  code  system  first  pro- 
vides an  extended  system  of  punctuation  covering  all  the  charac- 
ters and  marks  that  commonly  occur  in  print,  as  follows :  (See 
page  34.) 

For  an  apostrophe  the  signal  is  the  same  as  that  given  in  this 


Quotation  beginning  *' 
Quotation    end    " 
Quot'n  within  quot'n 

Cipher  beginning 
group  of  figures 


chart  for  quotation  within  a  quotation  ;  a  parenthesis  begins  with 
Pn,  and  ends  with  Pq  ;  a  fraction,  as  |,  is  transmitted  3e4 ;  a  deci- 
mal, as  89.92,  89dot92 ;  omitted  words  are  indicated  by  a  series  of 
x's ;  and  in  sending  one  or  more  lines  of  verse  a  paragraph  mark 
( )  closes  each  line. 
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The  system  in  general  use  among  operators  is  the  Phillips 
Code,  from  its  inventor,  Mr.  Walter  P.  Phillips,  general  manager 
of  the  United  Press ;  and  in  its  arrangement  it  advances  of  course 
from  the  simple  to  the  complex.  Single  letters  are  first  made  to 
represent  common  words  and  phrases :  B,  be  ;  C,  see  ;  F,  of  the  , 
K,  out  of  the  ;  Q,  on  the  ;  and  so  on  through  a  list  that  need  not 
be  reproduced  here,  because  the  entire  code  can  be  purchased  in 
book  form  and  contains,  besides  the  code  itself,  hints  for  the  mem- 
orizing and  proper  use  of  it.  The  single  letter  list  is  followed  by 
the  two-letter  and  three-letter  contractions ;  and  the  learner  will 
think  it  is  a  far  cry  from  the  jog  trot  of  the  ordinary  text  to  such 
expedients  as  "  fap  "  for  "  filed  a  petition,  "  ''  sak  '*  for  "shot  and 
killed, "  and  "  sbl  "  for  "  struck  by  lightning."  The  typewriter 
alone  makes  the  use  of  such  abbreviations  possible.  In  order  that 
beginners  may  catch  the  spirit  of  the  system,  the  following  exer- 
cise is  writtien  in  the  code  text  and  then  given  in  full : 

"  Bt  Lafa  Pic  is  smhw  Lafa  Pic  stil.  Its  trnsfmatn  into  chp 
lodgmts  is  gradl  tho  su.  T  sieg  gos  stedly  on,  bt  t  bsiegd  hv  n  yet 
sucmbd.  Ey  y  t  hansm  cariags  tt  rol  up  &  dwn  its  aves  gro  fuer 
and  fuer  si  ey  y  its  pavmts  worn  bi  t  fet  o  ded  &  gon  Nikrbokrs 
r  m  fqd  bi  sliaby  Germns  or  slatrnly  Italns." 

"But  Lafayette  Place  is  somehow  Lafayette  Place  still.  Its 
transformation  into  cheap  lodgments  is  gradual  though  sure.  The 
siege  goes  steadily  on,  but  the  besieged  have  not  yet  succumbed. 
Every  year  the  handsome  carriages  that  roll  up  and  down  its 
avenues  grow  fewer  and  fewer ;  every  year  its  pavements,  worn  by 
tho  feet  of  dead  and  gone  Knickerbockers,  are  more  frequented  by 
shabby  Germans  or  slatternly  Italians." 

Messages  for  Practice.  To  extend  the  student's  practice,  and 
further  to  familiarize  him  with  the  appearance  and  wording  of  the 
diiferent  forms  of  messages,  the  following  specimens  have  been 
selected.  They  are  arranged  promiscuously,  so  as  to  afford  exer- 
cise in  naming  the  different  kinds;  attention  should  also  be  given 
,  to  the  different  ways  of  counting  ^in  cable,  government,  collect 
messages,  etc. 

A116P  Hk  Wn  18  Free. 

Portland  Me.  27 
J.  E.  Bierhardt,  Transfer  Agent, 

Rome,  N.  Y. 
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Pay  W.  L.  Diimont,  Arion  Ohio,  Central  Hotel^  Komc  N.  Y. 
Japan  Alms,  Indent  from  Abner  Gaylord,  Portland.     Caution. 

(sig)  Wm.  rjlerby,  T.  A. 

57  Av  Uc  20  Collect 

Tb  Hartford  Conn  4 
Adam  Mason  &  Co., 

Ottumwa,  Iowa. 
Manifoldly    mensural    parks    nacrite    distrust    nacori    crying 
nai^'j     medium  mensural  nalubu  monitory  treble  namesake  monk 
rudeness  Naaman  tourmaline,  Hawaii 

(sig)  H.  M.  Allen  &  Co. 

158N  X  Rs  17  Paid 

Norfolk  Va.     4 
Chandler  Elevating  Co. 

Great  Bend  Ind. 
Skeptic  "W.  II.  McAlpin  border  ronte  Norfolk  western  on 
tantrum  tread  affording  chuckling  offers  chnbby  affray  more 

(sig)  L.  W.  Jay  &  Co. 

14  Wd  Fr  12DH. 

Marine  Dep't,  N.  Y.     29 
M.  B.  Goldfogle, 

International  Hotel,  N.  Y.  City. 
Steamer  Campania  will  arrive,  unless  detained  at  Quarantine 
about  8  A.  M.  tomorrow. 

(sig)  Manager,  Marine  Dep't. 

273  W  125th  St.  N.  Y. 

D.  F.  S.     Delivered  ok  your  23  today  to    S.  S.  Cooper 
sined  Atkinson.  (sig)  Phila 

In  this  case  '.'  DFS  "  means  destroy  former  service. 

Danville  N.  J. 

Yes  have  collected  25  cts  tor  msg  to  Dickerson  sined  Hall 

(sig)  Garfield  N.  J. 

191  Kf  Gs  16  Paid  8  Extra 

Str.  Campania  off  Sagaponack  L.  I.  Nov.  29 

via  New  York       29 

Morris,  21  Flushing  Ave. 

Jamaica  L.  I. 
All  well.     Dock  early  Sunday.     Don't  come  down 

(sig)  H.  N.  Ileldman 
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The  above  resembles  one  received  by  the  "  Wireless "  and 
transferred  by  them  to  land  lines  at  New  York. 

133  Ro         Py  22  Paid  Gov't 

Washington  D.  C.  29 
Morning  Register, 

Dallas,  Texas. 
Showers  Sunday  warmer  except  on  the  coast ;  Monday  fair  in 
northwest;  showers  in  east  and  south  portions. 

(sig)  Wells. 

119  Fs        Ki  11  Paid 

Winnipeg  Man  29 
Lindsay  &  McDonald 

Valley  Stream,  L.  I. 
Offer  sal  teat  to  saltpeter  scalene  throe  garrulity  en  route  or 
gallate.  (sig)  Robb  tfe  Parrish. 

174  Wr         Ta  6  Collect. 

South  Bend  Ind    4 
Champion  Beef  Co. 

Pine  Island  N.  Y. 
Enkindle  gratefully  erupt  none  trundle. 

(sig)  Baker  Packing  Co. 

114  Gu         Ps  8  Paid  Night 

New  Orleans  29 
Mrs.  S.  Dorner,  118  West  119  St 

New  York. 
Will  be  home  Monday  afternoon  .     Tell  Ella.     Love. 

(sig)  Joe. 

128  F  Kn  Cable 

Havana  6 
Hammond, 

Calumet  (Mich) 
Candelabra  domiseda  780  calefying. 

In  the  above,  the  State  in  parenthesis  is  supplied  by  the  land 
line  clerk,  and  is  not  counted;  the  group  of  figures  is  one  word. 

193  Yv         Wr  12  Paid  Repeat  back 

Philadelphia  31 
R.  B.  Dignam 

New  Orleans. 
Elmpole  arundelian  bags     parable     admit  actuality  rarapal- 
lian  Halpen  aliped  bags.  (sig)  C.  Emslie  &  Co. 
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In  this  case  the  words  "  repeat  back  "  are  counted  and  charged. 

7  Paid  Charore 
Newark  K  J.  29 
Adams  Ilich  &  Co.  Memphis  Tenn. 
A.  N.  Harriman       Louis  Wile  Ky. 
F.  J.  Farjeon  Mobile  Ala. 

A\^alter  N.  Davis      St  Louis  Mo. 
No  reds;  best  Jerseys  eight  twenty  five. 

(sig)  C.  W.  Allison. 

In  transmitting  messages  like  the  above  each  operator  num- 
bers and  times  the  address  of  the  one  which  goes  on  his  particular 
wire;  then  passes  it  on  to  another  and  so  on  until  all,  sometimes 
scores  in  number,  have  been  sent. 

To  Albany  N.  Y.  Dec.  15 

Bm  487.V 

34  484"^  (sig)  10.18 

To  Salida  Colo. 

N.  Y.  Metal  Ex.  Pig  lead  412^ 

London  Silver         22|  (sig)  9.10 

To  New  Orleans  and  Mobile. 
0.  Adam 

31     -     99     -     30  (Sig)  11.43 

174  Ro  Fc  44  DH 

Bridgeport  Conn  29 
Agent  L.  S.  RK.  Co. 

Cleveland  Ohio. 
From  Paterson  to  Cleveland  June  1st   in   D  L  car   27052 
one  case  brass  tubes  number  2596  consiorned  Schneider  &  Fen- 

o 

kamp   covered    by    Lackawanna   line    waybill    2774   advise  date 
arrival  and  delivery  (piick.  (sig)  R.  J.  Camp 

By  way  of  introduction  to  the  next  topic — Railway  Teleg- 
raphy—the above  series  of  specimen  niessages  concludes  with  one 
more  example  of  a  railway  DIL 

37  Av  Ty  36  DH 

Springfield  Mass  20 
E.  11.  Palmer, 

Buffalo,  N.  Y. 
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File  W,  Adams  to  East  Buffalo  Wb  111  Dec  8  Christmas 
trees  for  D.  IL  Croley  Dunkirk  N.  Y.  deld  N.  Y.  C  Dec.  9  on 
B  &  A    2718.     Please  advise  delivery.    Kush. 

(sig)  II.  C.  McCarthy. 

Railway  Telegraphy.  It  is  well  known  that  the  first  tele- 
graph line  built  in  the  United  States  was  intended  for  commercial 
work;  but  the  new  art  had  not  long  to  wait  before  it  was  enlisted 
in  the  service  of  the  railway.  Along  their  right  of  way  the  latter 
erected  poles  for  the  accommodation  of  their  wires  to  which  the 
commercial  companies  soon  made  additions;  and,  except  in  the 
larger  towns  and  cities,  one  man  usually  did  the  work  of  both. 
•As  railways  extended  and  towns  multiplied,  the  work  of  the  latter 
differentiated  from  that  of  the  former  so  that  today  there  are  two 
well  defined  divisions  in  the  craft;  interchange  going  on  between 
them,  however,  all  the  time. 

In  many  places  even  yet  by  agreement  between  companies  the 
railway  operator  covers  the  service  for  the  commercial;  the  latter 
likewise  transmits  in  great  numbers  over  its  wires  the  service  mes- 
sages  of  the  railway,  examples  of  which  have  just  been  given.  As 
compared  with  these,  the  student  will  find  that  the  railway  mes- 
sage usually  takes  an  ampler  form,  more  nearly  approaching  that 
of  a  letter.  In  railway  work  all  messages  are  "service,"  and 
concern  the  movement  of  freight  and  passenger  trafiic,  and  the 
dispatching  of  trains.  All  the  stock  phrases  in  use  are  shortened ; 
initials,  figures,  and  abbreviations  occur  in  nearly  every  line;  the 
"  count"  which  serves  as  a  safeguard  to  the  commercial  operator 
is  dispensed  with,  so  that  there  is  all  the  more  need  for  tlie 
operator  to  be  on  his  guard  against  omissions. 

Again,  mention  was  made  in  connection  with  commercial 
messages  of  the  use  oi  forms  for  races,  games,  and  the  like;  in 
railway  service  this  is  a  marked  feature,  their  number  in  the  case 
of  some  leading  railways  exceeding  one  hundred. 

Then,  thirdly,  in  connection  with  the  purely  telegraphic  part 
of  the  service  is  the  very  important  work  of  handling  the  train 
orders;  first  as  received  from  the  dispatcher,  and  then  repeated 
back  with  the  signatures  of  the  recipients. 

On  a  single  track  railway  a  crossing  order,  at  one  time,  com- 
monly ran  thus: — 
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To  Conductor  and  Driver  Train  No.  21 

Train  twenty-one  M'ill  meet  and  pass  Special  Freight,  Con- 
ductor Holmes  at 31 

(sig)     H.  M.  Wallace. 

H.  M.  Wallace   

32  Train  twenty-one  will  meet,  etc. 

(sig)  Conductor  and  Driver. 
More  recent  usage  however  is  indicated  by  the  following 
forms;  in  connection  with  which  it  may  be  premised  that  the  aim 
is  simply  to  acquaint  the  student  and  prospective  railway  operator 
with  the  forms  of  the  messages  he  will  be  called  upon  to  handle; 
but,  in  order  to  make  them  intelligible,  some  details  of  the  train 
despatcher's  work  must  accompany  them.  This  can  be  set  down 
as  consisting,  for  the  most  part,  of  (1)  orders  fixing  meeting 
points  for  trains;  (2)  fixing  the  point  for  one  train  to  pass  and 
run  ahead  of  another;  (3)  giving  a  train  the  right  over  an  oppos- 
ing train;  (4)  giving  regular  trains  the  right  over  a  specified 
train ;  (5)  providing  for  the  use  of  a  section  of  double  track  as 
single  track;  (6)  providing  for  a  single  movement  against  the 
current  of  traffic  on  double  track.  Then  there  are  (7)  time 
orders;  (8)  orders  for  sections;  (D)  for  extra  trains;  (10)  for 
work  extras,  or  auxiliaries;  (11)  holding  orders;  (12)  orders 
annulling  or  cancelling  a  regular  train;  (13)  annulling  an  order 
or  part  of  an  order;  and,  (14-)  orders  superseding  an  order,  or 
part  of  an  order. 

From  the  list  of  train  movement  forms  thus  indicated,  some 
of  the  more  important,  viz.,  the  first,  second,  fifth,  eighth,  ninth 
items  are  selected  for  illustration;  the  names  chosen  for  the 
stations  are  fictitious;  but  the  forms  are  those  in  actual  use  on 
some  of  the  leading  trunk  lines. 

Suppose  a  single  track,  of  which  Balmain  and  Allaire  are 
terminals;  Eden  and  Canton  ere  intermediate  stations.  Train  334 
going  south  is  late;  it  is  desired  to  advance  on  its  time  train  331 
going  north,  Eden  being  the  regular  meeting  place.  The  des- 
patcher  calls  up  Balmain,  Allaire,  and  Eden  and  sends  the  follow- 
ing; C  and  E  being  the  stereotyped  abbreviation  for  Conductor 
and  Engineer: 

31  No.    ..      Operator,  Eden. 

31  No   ....    C  &  E  No.  334,  Allaire. 

31  No.    ...    C  &.E  No.  331,  Balmain, 
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No.  331  lias  right  of  track  from  Eden  to  Canton 

sig    W.  L.  D.  Sup't. 

Each  operator  copying  this  message  must  repeat  it  back  to  the 
despatcher,  and  each  one  must  listen  to  its  repetition  by  the  others. 

Another  form  of  crossing  order  for  two  trains,  one  at  Eden 
the  other  at  Balmain,  would  run  thus: 

31  No C  &  E  No.  332  Eden. 

31  No C  &  E  No.  329  Balmain. 

No.  332  and  329  will  meet  at  Carrolton. 

In  this  and  the  examples  to  follow  a  signature  is  taken  for 
granted. 

For  the  next  movement,  viz.,  the  passing  of  one  train  by 
another,  the  procedure  is  less  formal.  It  is  desired  that  train  601 
should  allow  No.  1  to  pass.  In  this  instance  the  co-operation  of 
the  signal  towers,  having  control  of  the  switches  and  side-tracks, 
is  enlisted.  The  despatcher  calls  up  the  tower,  say  at  Breslin,  and 
tells  the  operator  that  train  601  is  next  to  him,  and  that  he  is  to 
side-track  it  for  No.  1.  The  next  tower  beyond,  say  Ashley,  is 
then  notified  that  601  is  in  the  siding  at  Breslin  for  No.  1,  so  that 
he  may  know  which  train  to  look  for  first.  Or,  the  passing  may 
be  arranofed  for  in  a  formal  manner: 

31  No 0  &  E  Extra  594,  Breslin. 

31  No. ...   C  &  E  No.  6,  Breslin. 

Extra  594  will  run  ahead  of  No.  6  Breslin  to  Dexter. 

In  this  case  the  speed  of  No.  6  must  not  exceed  tliat  of  Extra 
594  between  the  points  named. 

The  fifth  item  presupposes  tlie  blockade  of  one  of  the  two 
tracks  by  a  wreck — an  incident  by  no  means  exceptional;  the 
situation  being  indicated  in  the  cut: — 


TRAIN  N0.8                            ^-.          X  WRECK 

—*  EAST 

CARLSBAD^  ^^  ""^^ 

,^-"  ^^'DANBURY 

■ ^v    ^ 

^-wEisT  ; 

The  station  next  east  of  Danbury  is  Berber.     The  procedure 
is  then: — 

31  No C  &  E  all  west  bound  trains,  Berber. 

31  No C  &  E  all  west  bound  trains,  Danbury. 

31  No C  &  E  Train  No.  8,  Carlsbad. 
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MOTOR-DRIVEN    SHEAR. 

Morse  Chain  Company. 
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No.  8  Engine  -914  will  use  west  bound  track  from  Carls- 
bad to  Danbury;  and  has  right  of  track  over  all  west 
bound  trains. 

This  message  is  repeated  back  by  all  three  stations;  and 
under  its  provisions  no  west  bound  trains  can  pass  Danbury  until 
No.  8,  Engine  914,  has  passed  east. 

During  the  summer  season  it  is  a  common  incident  of  the 
despatcher's  work  to  be  called  upon  to  divide  into  sections  trains 
that,  by  the  addition  of  extra  coaches,  have  become  too  heavy  for 
one  engine.  The  two,  and  sometimes  three,  sections  must  be  so 
protected  one  by  the  other  that,  so  far  as  their  right  of  way  is  con- 
cerned, they  are  substantially  one  train.  Let  us  suppose  train 
No.  8  at  Corbin,  going  east,  has  too  many  coaches  for  one  engine 

31  No C  &.E  No.  8,  Corbin. 

No.  8  will  carry  signals  from  Corbin  to  Jersey  City  for 
Engine  672. 

Engine  672  then  takes  the  second  section,  and  proceeds  to  its 
destination  under  protection  of  the  signal.  If  a  third  section  is 
necessary  a  message  similar  to  the  foregoing  would  be  addressed: 

31  No C  &  E  second  section  No.  8  engine  672. 

A  third  engine  named  in  this  message  then  proceeds  under 
the  protection  of  the  foregoing  with  a  third  section  of  the  train. 

The  above  is  the  method  of  procedure  in  case  the  need  for  the 
third  section  did  not  appear  until  after  the  first  section  had  left 
Corbin.  Otherwise  the  division  into  three  sections  would  take 
this  form: 

31  No C  &  E  Engines  671,  672,  891,  Corbin. 

Engines  671,  672,  891  will  run  as  first,  second,  and 
third  section  of  No.  8  from  Corbin  to  Jersey  City. 

This  form  implies  the  carrying  of  signals,  one  for  the  other, 
as  prescribed  by  rule;  and  trains  carrying  such  signals  are 
regarded  by  other  parts  of  the  running  service  as  practically  one 
train. 

For  the  starting  of  extra  trains  the  signal  "  19 "  is  used 
instead  of  ''  31 "  and  the  order  runs  thus: 

19  No C  &  E  Engine  587,  Jersey  City. 

Engine  587  will  run  extra  from  Je'  eey  City  to  Berber 
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If  a  regular  train  is  late,  and  it  is  desired  to  give  this  extra 
a  right  to  the  time  of  the  regular,  it  is  done  by  inserting  in  the 
above  message  "  No.  3  will  run  30  minutes  late  from  Jersey  City 
to  Berber."  All  these  orders  are  copied  on  manifold  paper;  one 
copy  is  furnished  to  the  conductor,  another  to  tho  driver,  while  a 
third  is  filed  by  the  operator  for  his  guidance  and  future  refer- 
ence- These  examples  could  be  multiplied  indofinitely,  but  it  is 
believed  these  citations  are  sufficient  to  indicate  to  the  learner  the 
kind  of  service  expected  of  the  railway  operator  in  co-operation 
with  the  work  of  the  train  despatcher. 


MS 
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PxiRT  II. 


The  principal  topics  considered  in  Part  I,  were  the  "learner's 
outfit";  the  ''one-wire"  office  with  its  relay,  key,  sounder,  and 
local  circuit;  and  the  switchboard  for  the  cutting  in  and  out  of 
instruments,  and  the  cross-connection  of  wires.  There  are  scores 
of  such  offices,  called  branches,  in  the  larger  cities;  and  every 
town  throughout  the  land  has  at  least  one. 

An  advance  is  now  made  to  the  more  complex  equipment  of 
a  junction  station,  or  town  office,  to  which  a  score  or  more  of  wires 
converge,  and  from  which  they  radiate  in  all  directions. 

Instead  of  a  "one-wire"  set,  there  may  now  be  noticed  on 
the  desks  or  tables,  six,  eight,  or  ten  relays  and  keys;  the  sounders, 
possibly  less  in  number  than  the  relays,  are  operated  by  a  current 
furnished  by  storage  cells  to  which  energy  is  supplied  by  an  electric 
light  circuit.  The  clock  on  the  wall  is  probably  of  the  "  electric  " 
pattern  with  two  Leclanche  cells  inside.  On  a  shelf  are  probably 
two  or  three  sets  of  apparatus  called  repeaters;  on  another  table 
are  the  duplexes  or,  it  may  be  a  quadruplex,  whose  principles  and 
manner  of  operation  need  careful  consideration;  and  in  place  of 
the  diminutive  single-wire  switch  of  the  city  branch,  or  country 
office,  is  its  more  ambitious  counterpart  with  fittings  for  some 
thirty,  forty,  or  fifty  wires.  The  handling  and  care  of  such  a  plant 
calls  for  skill  and  experience  to  which  many  a  commercial  operator, 
doing  the  work  merely  of  a  sender  and  receiver,  is  a  stranger. 

A  consideration  of  the  apparatus  and  methods  of  work  in  this 
larger  office  is  the  purpose  of  this  paper;  and  the  apparatus  first  to 
be  studied  is  the  switchboard.  The  one  shown  in  Part  I  is  a 
"  single-wire  intermediate";  but  to  accommodate  the  thirty  or  more 
wires  now  in  view  a  greatly  enlarged  form  is  needed.  The  de- 
scription of  the  small  switchboard  should  be  re-read,  noting  that  in 
an  intermediate  switch  two  vertical  strips  are  needed  for  a  wire;  that 
is,  one  strip  for  each  direction  of  the  wire,  say  north  and  south;  in 
the  switch  of  a  terminal  office  a  wire  occupies  only  one  strip. 
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Of  tlie  former  class  a  common  pattern  is  shown  in  Fig.  9;  the 
diagram  representing  three  pairs  of  strips  out  of  a  50-strip  switch 
for  the  accommodation  of  23  wires;  the  gap  in  the  middle  repre- 
sents 19  omitted  pairs;  the  pair  on  the  extreme  right  has  a  special 
use  which  will  be  explained  later.  In  all  respects  the  numbers  on 
the  small  switch  shown  in  Fig.  8,  Part  I,  have  been  duplicated, 
except  that  the  top  row  of  discs  is  reserved  for  the  ground  wire; 
and  for  a  review  we  shall  go  over,  on  this  larger  board,  all  the 
steps  taken  in  connection  with  the  smaller  one. 

In  Fig.  9  the  strips  are  numbered,  for  convenience,  at  the 
lower  end  from  left  to  right;  the  disc  rows  are  indicated  by  the 
figures  down  the  center.  In  some  patterns  of  boards  the  strips  are 
so  shaped  at  the  bottom  that  to  join  them  up  in  pairs  a  peg  can  be 
inserted.  The  switch  is  supposed  to  be  at  a  station  intermediate 
between  Cincinnati  and  Chicago;  strips  3  and  4  accommodate 
wire  1  South  and  1  North  respectively;  strips  5  and  6,  wire  2 
South  and  2  Iforth;  and  so  on.  Disc  rows  4  and  5  are  connected 
on  the  left  with  one  set  of  instruments;  rows  6  and  7  with  another 
set.  In  the  drawing  they  are  shown  close  to  the  board,  but  in 
practice  the  instruments  are  usually  at  some  distance  from  the 
board  on  a  desk  to  which  the  connections  are  made  by  means  of 
office  wire.  Suppose,  first,  that  the  instruments  are  to  be  "cut 
out".  Connect  with  a  peg,  strip  3  and  disc  3;  and  strip  4  with 
the  same  disc  3;  wire  1  has  now  no  connection  with  either  instru- 
ment, the  current  simply  crosses  on  the  disc  from  strip  to  strip. 
Move  the  peg  in  strip  3  to  strip  3  disc  4;  there  is  now  no  connec- 
tion between  disc  rows  3  and  4,  and  the  circuit  in  wire  No.  1  is 
broken.  Move  the  peg  in  disc  3  strip  4  to  disc  5  strip  4;  the  cur- 
rent in  wire  1  will  pass  through  the  relay  and  key  connected  up 
to  disc  rows  4  and  5;  and  the  instruments  are  now  said  to  be  "cut 
in".  In  this  larger  board  the  ground  wire  occupies  the  top  disc 
row,  instead  of  the  bottom,  so  that  the  discs  marked  6  can  be  used 
the  same  as  any  other  numbered  row. 

Reverting  now^  to  the  changes  indicated  in  Part  I,  page  25; 
for  the  sake  of  practice,  move  the  peg  from  strip,  or  bar,  3  disc  4 
to  bar  3  disc  G;  and  the  peg  from  bar  4  disc  5  to  bar  4  disc  G;  the 
wire  from  each  direction  is  grounded.  There  are  now  two  inde- 
pendent circuits  each  with  a  battery  at  one  termhial  only;  Cincin- 
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nati  and  Chicago  are  cut  off  one  from  tlie  other;  the  way-station 
instruments  also  are  cut  out.  In  order  to  "cut  in"  on  the  south 
section  of  wire  No.  1,  remove  the  peg  from  bar  3  disc  G  and 
insert  it  in  bar  3  disc  5;  put  a  peg  in  bar  1  disc  4,  and  another  in 
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bar  1  disc  G.  The  current  from  Cincinnati  must  now  pass  through 
the  relay  and  key  at  the  side  of  the  switchboard  before  reaching 
the  ground  at  bar  1  disc  G.  THe  peg  having  been  restored  to  bar 
3  disc  G,  the  same  set  of  instruments,  or  a  different  set  connecting 
with  disc  rows  6  and  7,  can,  in  a  similar  manner,  be  cut  in  on  the 
north  section.     Kestore  the  pegs  to  bars  3  and  4  disc  3,  and  the 
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terminals  Cincinnati  and  Chicago  can  now  work  with  each  other, 
but  neither  of  the  instruments  at  the  side  of  the  switchboard  is  in 
the  circuit. 

The  letters  D  F  on  the  extreme  right  hand  of  Fig.  9  stand  for 
the  words  "  double  flip  " — a  device  more  commonly  used  in  a  termi- 
nal than  in  an  intermediate  office;  but  it  may  as  well  be  explained 
here.  In  a  board  like  that  in  Fig.  9,  whether  terminal  or  inter- 
mediate, each  strip  has  underneath  it  a  "flip",  or  spring-jack  for 
the  insertion  of  a  wedge;  usually  the  pairs  of  strips  on  the  extreme 
left  and  right  are  set  apart  and  joined  in  pairs  by  a  w^ire  behind 
the  board.  Strips  49  and  50  are  practically  one  bar  with  two  flips 
at  the  lower  end — Whence  the  name.  A  board  like  that  in  Fig.  9  is 
often  part  of  a  larger  system ;  it  may  have  a  similar  section  on  the 
right  and  left.  The  "  double  flip  "  enables  the  switch  operator  to 
desk  and  furnish  battery  to  a  wire  comkig  in  on  another  section, 
by  running  along  on  one  of  the  disc  rows.  The  twin  discs  shown 
in  Fig.  9  have  reference  also  to  the  presence  of  a  companion  section 
on  the  right-hand  side;  in  such  a  case  the  discs  on  the  extreme 
right  of  Fig.  9,  row  for  row,  would  be  connected  with  it;  and,  by 
inserting  a  peg  between  the  twin  discs,  rows  of  like  number  in  the 
separate  sections  may  be  joined,  "making  them  continuous  across 
as  many  sections  as  desired. 

Besides  the  cutting  in  and  out  of  his  own  instruments,  it  is 
one  of  the  duties  of  the  intermediate  station  operator  correctly  to 
cross -connect  wires  at  the  request  of  the  wire  chiefs.  He  may  be 
asked,  for  instance,  to  connect  1  North  to  2  South,  and  2  North  to 
1  South.  Remove  the  pegs  from  bar  3  disc  3,  and  bar  4  disc  3. 
Peg  bar  4  disc  2;  bar  5  disc  2.  Peg  bar  6  disc  3;  bar  3  disc  3. 
The  current  on  1  North  crosses  disc  2  to  2  South;  the  current  on 
1  South  crosses  disc  3  to  2  North.  While  this  cross-connection 
stands,  care  must  be  taken  to  connect  no  other  wires  on  either  of 
the  disc  rows  2  or  3.  The  test  station  may  have  instruments,  as 
shown  in  Fig.  9,  connected  up  to  disc  rows  6  and  7.  If  it  is  de- 
sired to  put  this  instrument  in  circuit  on  the  wire  2  North  to  1 
South,  remove  the  pegs  from  bar  6  disc  3,  and  from  bar  3  disc  3. 
Peg  bar  6  disc  G,  and  bar  3  disc  7.  To  facilitate  the  correct  trac- 
ing of  the  different  disc  rows,  it  is  common  to  alternate  four  rows 
bf  specially  marked  discs  with  four  plain  ones.     To  make  any 
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cross-connections  and  combinations  of  wires  that  may  be  needed, 
the  operator  needs  only  to  get  clearly  before  him  the  relation  of 
bars  and  discs  one  to  the  other,  remembering  that  the  several  rows 
of  discs  have  no  connection  with  each  other  or  with  the  bars  except 
by  means  of  pegs. 

Recent  Form  of  Switchboard.  The  pattern  shown  in  Fig.  9, 
although  in  very  general  use,  has  some  defects  for  which  a  remedy 
is  sought  by  a  change  of  form.  The  connections  for  "  in  "  and  '^  out " 
on  the  top  side  only  of  the  board  require  two  strips  to  a  wire — an 
arrangement  which  is  wasteful  of  space.  There  has  recently 
been  installed  in  a  suburban  test  office  near  New  York  an  entirely 
new  form  of  switchboard  for  intermediate  stations  in  which  the 
wires  pass  in  at  one  side  and  out  at  the  other.  A  50-wire  board 
of  this  pattern  is  seven  feet  in  height,  and  thirty-three  inches  in 
width.  The  lower  part  resembles  somewhat  a  long-distance  tele- 
phone cabinet;  the  shelf  is  thirty  inches  from  the  floor,  and  the 

Fig.  10. 

space  underneath  is  taken  up  with  the  slack  of  the  cords.  On  top 
of  the  cabinet  are  strips,  like  that  shown  in  Fig.  10,  placed  one 
above  the  other  to  the  number  of  say  fifty,  supported  at  the  corners 
by  four  vertical  bars  of  angle  iron  resting  on  the  floor.  The  strips 
are  of  wood,  one  inch  wide,  each  consisting  of  three  parts.  On 
each  of  the  end  parts  are  a  fuse  and  carbon  plate  lightning 
arrester;  in  the  middle  part  are  four  holes.  A,  B,  C,  D,  for  type 
jacks,  and  three  discs.  Between  the  holes  for  the  type  jacks  is  a 
tag  for  marking:  the  wires  in  the  drawing  are  1  West  and  1  East. 
Extending  up  botli  sides  of  the  switch  are  the  wires  contained  in 
cables,  parting  with  their  conductors  one  by  one  and  making  con- 
nections witli  the  fuses  at  each  end  of  the  strip. 

The  middle  portion  of  each  strip  is  ten  inches  long;  and  a 
side  elevation  ie  shown  in  Fig.  11.  The  four  type  jacks  are  con- 
nected in  series  as  represented;  between  the  two  inner  ones  are 
three  discs — the  middle  one  grounded;  a  peg  inserted  on  one  side 
or  the  other  of  the  center  disc  will  ground  the  wire  in  the  direction 
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desired.  The  inner  pair  of  jacks  is  for  patching.  In  building  up 
the  switchboard  the  strip  next  above  the  one  shown  would  be  2 
"West  and  2  East.  Each  cord,  is  fitted  with  an  automatic  slack 
take-up,  as  shown,  and  cross-connections  are  made  by  means  of 
single  cords  and  connection  plugs  F  and  H.  To  cross-connect  1 
East  to  2  West  it  is  only  required  to  place  one  of  the  plugs  F  in 
the  patching  jack  marked  1  East,  and  the  other  plug  H  in  the 
jack  2  "West.     In  the  diagram  1  West  appears  grounded  by  means 


Fig.  n. 

of  peg  E  The  outside  pair  of  jacks  is  used  for  inserting  loops; 
also  to  cut  in  test  and  desk  instruments.  The  disadvantage  in  this 
form  of  switchboard  is  that  the  continuity  of  the  wire  depends  on 
the  perfect  contact  of  the  four  springs  with  the  pins  behind  them. 

Figs.  10,  11,  12  and  13  are  from  a  "Pocket  Edition  of  Dia- 
grams "  by  Willis  II.  Jones.  They  are  reproduced  through  the 
courtesy  of  the  publisher  of  The  Telegraph  Age. 

An  inspection  of  the  diagrams  in  Part  I  yields  a  fair  infer- 
ence that  each  relay  must  have  its  own  sounder;  but  the  opening 
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lines  of  this  paper  in  which  it  is  said^  that  the  sounders,  possibly 
less  in  number  than  the  relays,  are  operated  by  a  storage  current, 
hint  at  a  departure  from  this  rule.  In  former  days  the  telegrapher 
sometimes  made  his  first  efforts  at  invention  in  a  plan  to  economize, 
by  making  one  sounder  do  duty,  at  different  times,  for  three  or 
more  relays.     But  the  field  of  devices  for  locals  is  well  covered 
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Fig.  12. 

now;  one  of  the  results  is  shown  in  Fig.  12  which  represents  an 
arrangement  of  circuits  in  which  one  sounder  can,  by  means  of  a 
switch,  be  worked  in  connection  with  three  relays.  The  diagram 
needs  no  description,  but  the  coimections  should  be  traced  in  each 
case;  the  lever  resting  on  the  right,  middle,  or  left  points  cuts  in 
the  corresponding  relays,  in  each  case  forming  an  independent  local 
circuit.  At  junction  stations,  where  passing  trains  are  likely  to 
make  considerable  noise,  one  sounder  may  be  insufficient;  in  this 


Fig.  13. 

case  an  extra  one  with  a  local  circuit  of  its  own  is  sometimes  pro- 
vided. In  Fig.  13  is  shown  how  such  an  additional  common 
sounder  may  be  used  in  connection  with  three  different  circuits, 
each  sounder  having  a  battery  of  its  own. 

For  local  systems  of  this  kind  the  form  of  battery  most  com- 
monly used  is  that  shown  in  "Elements  of  Electricity",  called  the 
Daniell,  or  "  blue-stone  ",  cell.  Better  still  is  the  modification  of 
it  shown  in  the  same  paper  known  as  the  "  gravity  "  cell  in  which 
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the  zincs  can  be  so  fitted,  one  into  the  other,  that  no  portion  of 
that  metal  needs  to  be  thrown  away  or  wasted.  Bnt  not  even  the 
local  battery  system  has  escaped  the  spirit  of  change;  and  in  many 
recently-equipped  offices  the  zinc  and  copper  type  has  been  replaced 
by  the  storage  cell,  so  called.  The  name  implies  the  giving  out  of 
a  current  derived  from  another  source — generally  a  dynamo — but 
the  idea  requires  some  modification,  as  will  appear  later  on. 
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Fig.  14. 

In  Fig,  14  is  shown  a  storage  cell  system  fed  by  a  dynamo 
which  is  also  the  source  of  energy  for  an  electric-light  plant. 
There  are  two  storage  cells,  one  of  which,  B  Fig.  14,  is  in  the  same 
circuit  with,  and  receives  the  current  in  the  same  manner  as,  the 
lamps.  The  other  cell,  B',  is  disconnected  for  the  time  being  from 
the  dynamo,  and  is  represented  as  supplying  the  current  for  a 
number  of  sounders  arranged  in  multiple  on  the  lower  right.     It 
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will  be  apparent  on  examination  that  the  method  of  connecting  up 
the  lamps  in  one  circuit  and  the  sounders  in  the  other  is  the  same. 

In  the  opening  paragraphs  of  *'  The  Electric  Current "  the  stu- 
dent has  learned  something  of  the  laws  of  resistance.  His  attention 
is  called  at  this  point  to  the  difference  between  the  series  and  multi- 
ple arrangement  of  sounders.  In  the  former,  the  resistance  in  ohms 
offered  by  the  coils  is  the  resistance  of  one  sounder  multiplied 
by  the  number  of  sounders; 
in  the  multiple  system  it  is 
the  resistance  of  one  sounder 
(liv'tdcd  l)y  the  number.  A 
pair  of  knife  switches,  S  and 
S',  shown  in  Fig.  14,  is  the 
means  by  which  storage  cell 
B,'  when  it  is  exhausted,  can 
be  cut  in  on  the  same  circuit 
with  the  lamps;  its  place  in 
operating  the  sounders  is 
then  taken  by  the  freshly 
charged  cell  B.  In  Fig.  15 
the  construction  and  action 
of  the  double  knife  switch  is 
clearly  shown.  When  turned 
from  the  position  they  hold 
in  the  diagram  they  make  a 
new  series  of  connections 
with  the  result  already  in- 
dicated. 

The  Dynamo  in  Telegraphy 
ter  of  a  century  this  appliance, 


Fis.  ir.. 


Within  little  more  than  a  quar- 
•egarded  at  first  somewhat  as  a 
curiosity,  has  advanced  to  the  place  of  an  indispensable  and  well- 
nigh  omnipresent  help  in  the  mechanical  and  technical  world.  In 
countless  shops  and  factories  its  familiar  hum  and  vari -colored 
sparking  can  be  detected  in  out-of-the-way  corners;  w^hile  in  power 
houses  its  more  developed  and,  in  some  cases,  giant  form  fully 
justifies  the  remark  of  the  scientist  Faraday  when  he  saw  the  first 
dynamo  in  operation:  "That  was  my  child;  but  you  have  made  a 
man  -f  him."     In  the  field  of  telegraphy  its  principal  uses  are  to 
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charge  storage  cells,  and  supply  current  for  the  main  lines.  In 
the  former  operation,  the  cell  is  said  to  be  fed  by  the  dynamo: 
and,  as  already  illustrated,  it  is  commonly  carried  on  in  com- 
bination with  the  supply  for  an  electric-lighting  system.  The 
''feeding"  consists  of  a  chemical  change  in, the  cell,  whose  ele- 
ments, when  the  charging  ceases,  give  up  in  the  form  of  electricity 
the  energy  thus  imparted. 

As  the  dynamo  is  the  source  of  energy  for  the  storage  cell, 
and  for  the  operation  of  the  different  forms  of  main  line  apparatus, 
the  need  arises  for  a  brief  statement  of  the  principles  underlying 
its  construction.     In  so  doing,  some  words  and  phrases  not  hitherto 


Fig.  16. 

used  come  into  view;  and  a  definition  of  them,  in  connection  with 
familiar  forms,  is  first  in  order. 

The  cores  in  the  electromagnet  of  the  sounder,  as  the  stu- 
dent knows,  attract  the  armature.  The  free  ends  of  the  cores 
are  the  poles;  and  if  a  penknife  is  placed  near,  it  is  drawn 
towards  the  core  with  a  force  that  increases  as  the  distance 
lessens.  Similarly,  if  a  small  piece  of  metal  is  held  near  the 
poles  of  a  toy  magnet  in  the  horseshoe  form,  the  attraction  is 
marked.      The    space   between   the   poles    alike   of   the   electro- 
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magnet  and  the  toy  magnet  seems  full  of  invisible  stresses  whose 
mechanical  effect  is  like  that  of  thousands  of  stretched  rub- 
ber threads  which  tend  constantly  to  contract.  These  stresses  are 
called  lines  of  force;  and  the  space  in  which  their  influence  is  felt 
is  called  the  field  of  force.  These  lines  are  inseparable  from  every 
form  of  magnet,  permanent  or  electro;  in  the  case  of  the  earth, 
which  is  itself  a  great  magnet,  their  <3ffects  are  seen  in  the  action 
of  the  magnetic  needle  placing  itself  parallel  to  the  lines  of  force 
between  the  north  and  south  poles;  in  the  case  of  an  ordinary  mag^ 
net,  the  lines  seem  to  appropriate 
to  themselves  any  material  which 
will  shorten  their  journey  through 
the  air  space;  and,  if  the  piece  of 
metal  is  free  to  move,  the  lines 
tend  to  place  it  in  the  position 
which  will  shorten  their  pathway 
the  most.  Another,  and  the  most 
common,  name  for  the  space  oc- 
cupied by  the  lines  of  force  is  the 
magnetic  field.  It  is  graphically 
shown  in  Fig.  16  in  which  is 
represented  also  the  simplest  form 

of  dynamo.  The  arrows  represent  the  lines  of  force  between  the 
magnetic  poles;  and,  revolving  therein,  is  shown  a  single  conductor 
cutting  the  lines  of  force  at  right  angles.  Now  comes  the  prin^ 
ciple  which  underlies  the  generation  of  the  electric  current  by  means 
of  the  dynamo:  If  a  closed  conductor  is  rapidly  revolved  in  a  mag- 
netic field  an  electric  current  is  set  up  in  the  conductor.  The 
collector  rings  and  brushes  conduct  to  the  outside  circuit  the  cur- 
rent thus  generated. 

In  Fig.  17  there  is  shown  in  outline  form  a  simple  dynamo; 
the  yoke  Y  connects  the  field  pieces  FF,  upon  which  are  wound 
the  field  coils;  the  latter  is  charged  by  an  external  current  in  the 
direction  of  the  arrows.  In  an  intense  magnetic  field,  betw^een  the 
pole  pieces  N  and  S,  is  the  armature.  It  is  made  up  of  the  core 
and  a  complete  circle  of  conductors  like  the  one  shown  in  Fig.  16; 
a  large  number  of  conductors  being  needed  to  generate  a  contin- 
uous current.     The  conductors  are  made  to  terminate  in  a  series 
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of  strips  separated  by  insulating  material,  and  bound  together  in 
a  cylinder  to  form  the  commutator  marked  C ;  the  collecting  brushes 
BB  correspond  to  the  copper  and  zinc  poles  of  a  voltaic  cell. 

A  gas  or  steam  engine  is  usually  the  motive  power  for  a  dynamo; 
a  common  type  is  shown  in  Fig.  18  with  the  belt  pulley  at  the 
left;  in  this  form  it  illustrates  the  definition  of  a  dynamo  given  in 
the  text  books  as  "a  machine  for  converting  mechanical  energy 
applied  at  the  pulley  into  electrical  energy  given  off  at  the 
brushes." 


Fig.  18. 

One  use  of  the  machine,  namely,  to  furnish  current  for  a  sys- 
tem of  local  instruments,  is  illustrated  in  Fig.  14,  but  its  more 
important  function  in  telegraphy  is  the  supply  of  the  current  for 
the  main  lines.  The  different  circuits  to  be  supplied  may  vary  in 
length  from  50  to  500  miles;  and,  as  nearly  the  same  quantity  of 
current — say  ^^  of  an  ampere — is  required  in  each  case,  the  volt- 
age, or  pressure,  must  vary  accordingly. 

A  series  of  dynamos  connected  together  upon  the  same  prin- 
ciple as  a  series  of  cells  in  a  battery  is  outlined  in  Fig.  19,  showing 
how  this  may  be  done.  One  terminal  of  machine  A  is  grounded, 
and  from  the  connecting  points  of  the  brushes  the  wires  1,  2,  3,  4, 
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and  5  are  led  to  the  horizontal  rows  of  discs  on  the  terminal  switch- 
board. In  practice  they  are  commonly  made  a  part  of  the  larger 
board  similar  to  that  shown  in  Fig. '9;  but,  for  the  sake  of  clear- 
ness, it  is  represented  here  as  distinct.  Each  vertical  bar  repre- 
sents a  main  line  wire;  the  horizontal  lines  are  rows  of  discs  to 
which  are  connected  the  wires  carrying  the  current  for  distribu- 
tion. In  Fig.  19  wire  1,  connected  to  one  of  the  disc  rows,  fur- 
nishes 70  volts  (the  voltage  of  a  Grove  cell  is  about  1.5);  wire  2, 
140  volts;  3,  200  volts;  4,  200  volts;  5,  325  volts.  It  is  neces- 
sary only  to  connect,  with  a  peg,  a  disc  and  bar  to  supply  any  wire 
with  any  desired  voltage.  A  plant  of  the  capacity  indicated  in 
the  diagram  can  be  made  to  furnish  ,current  for  1,000  lines,  yet  its 
compactness  is  such  that  it  may  be  installed  in  a  small  room. 
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The  advantages  of  the  dynamo  over  the  voltaic  cell  ai*e: 

(1)  Its  low  internal  resistance  making  possible  the  supply  of  so 
many  wires. 

(2)  Economy  in  maintenance. 

(3)  Tlie  space  occupied  is  much  less. 

(4)  It  does  away  with  the  unhealthy  conditions  of  a  fume-laden 
battery  room. 

The  Open  Circuit  System.  Before  dealing  with  the  topic  of 
Single-Line  Repeaters,  let  us  discuss  a  system  much  used  in  Eng- 
land, known  as  the  "open  circuit",  as  distinguished  from  the  one 
in  general  use  in  the  United  States,  Canada,  and  Mexico,  described 
in  connection  with  Fior.  6,  Part  I.  This  is  known  as  the  "closed 
circuit",  in  which  the  circuit  is  first  broken  by  opening  the  key 
switch  as  described,  and  the  signals  are  transmitted  in  the  manner 
now  familiar  to  the  student.     The  open  circuit  system  is  illustrated 
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ill  Fig.  20;  in  it  may  be  noted  the  difference  in  the  connections  of 
the  key  as  compared  with  those  of  the  American  system.  In  the 
latter,  as  may  be  seen  by  reference  to  Fig.  6,  Part  I,  the  battery, 
key,  and  relay  coils  are  in  series;  in  the  former,  the  ground  con- 
nection divides,  one  branch  passing  through  the  relay  coils  to  a 
jKjint  in  the  base  of  the  key  against  which  the  lever  carrying  the 
main  line  normally  rests.  The  other  branch  connects  the  battery 
to  a  different  point  of  the  base.  It  may  be  seen  from  the  diagram 
that  when  both  keys  are  making  contact  with  the  backstop  there  is 
no  current  on  the  line,  and  the  relays  are  open.     Depress  one  of 
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the  keys  and   the  current,  passing  directly  to  the   line,  closes    thu 
relay  at  the  distant  station. 

In  this  arrangement  there  are  two  advantages  over  the  Ameri- 
can, or  closed  circuit,  system: 

(1)  The  battery  is  iu  use  only  wlieu  signals  are  transmitted. 

(2)  By  the  cutting  out  of  the  relay  at  the  sending  station  the  resist- 
ance of  the  circuit  is  reduced. 

The  disadvantages  are: 

(1)  The  operator  hears  his  own  sending  on  the  key  only. 

(2)  The  system  does  not  admit  the  cutting  in  of  intermediate 
stations. 

The  closed  circuit  arrangement  allows  as  many  as  twenty-five 
or  thirty  offices  between  terminals;  and  the  batteries,  placed  one 
at  each  end  of  the  line,  are  more  likely  to  receive  skilled  attention. 
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SINGLE-LINE  REPEATERS. 

Li  the  junction  station,  or  town  office,  we  now  have  in  mind 
a  set,  or  sets,  of  repeaters — an  important  feature  in  the  equip- 
ment, and  the  o'ne  next  to  be  considered.  The  limit  of  the  Morse 
single  line,  in  good  weather,  is  ordinarily  about  450  miles;  it  is 
one-half  or  one -third  of  that  in  rainy  spells  when  extra  repeaters 
are  cut  in.  The  repeater  is  a  means  by  which  the  relay  at  a  dis- 
tant terminal  of  one  circuit  is  made  to  operate  a  key  in  a  second 
circuit.  The  distant  relay  of  the  second  circuit  may  operate  a  key 
in  a  tliird;  and  so  on.  The  circuit  of  say  1,500  miles  has  thus  the 
advantage  of  batteries  at  needed  intervals;  the  distance  between 
repeaters  being  determined  by  the  conditions  already  indicated; 
and  it  has  not  been  found  expedient  to  exceed  very  much  the  dis- 
tance first  given. 

There  are  many  different  forms  of  repeaters;  and  from  among 
the  score  or  more  that  have  been  in  use  at  different  times  selection 
is  made  of  the  three  commonly  regarded  as  the  best — the  Milliken, 
Atkinson,  and  Weiny-Phillips.  The  same  result  is  attained  in 
each,  but  by  somewhat  different  means;  all  three  are  of  the  auto- 
nuitic  class — so  called  because  they  permit  the  terminals  to  break 
without  the  aid  of  an  attendant. 

Fig.  21  shows  the  Milliken  rej)eater  in  theory.  It  consists  of  two 
relays  of  special  construction,  two  transmitters,  two  main  batteries, 
M  B,  a  pair  of  lcx*al  batteries,  L  and  L',  and  a  pair  of  extra  locals. 
Tracing  the  connections  of  the  local  batteries,  they  are  found  to  be 
wired  through  the  local  points  of  relays  E  and  W,  one  for  each; 
and  through  the  coils  of  transmitters  T  and  T'.  The  extra  locals 
are  wired  through  the  back  contacts  of  transmitters  T  and  T';  and 
in  the  same  circuit  are  the  coils  E'  and  W.  In  the  construction 
of  the  relay  the  peculiarity  is  that,  in  combination  with  the  electro- 
magnet and  upright  armature  of  the  ordinary  relay,  there  is  an  extra 
magnet  with  a  pendent,  or  hanging  armature  marked  P  in  one  and 
P'  in  the  other,  Each  one  is  so  placed  that,  when  released  from  its 
magnet,  the  tension  of  a  spring  forces  it  against  the  upright  arma- 
ture and  holds  the  local  points  closed.  To  aid  the  student  in 
tracing  out  the  different  connections  the  extra  local  circuits  are 
marked  by  dot  and  dash  lines;  the  local  circuits  by  dotted  lines; 
the  main  lines  are  in  full  lines.     The  wires  marked  East  and  West 
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are  supposed  to  extend  in  each  direction  to  terminals,  it  may  be, 
400  miles  distant.  When  the  circuits  are  at  rest,  the  armatures 
of  the  instruments  are  attracted  by  their  respective  cores,  and  are 
said  to  be  closed.  • 

Recall  now  the  definition  of  a  repeater,  and  notice  in  the 
description  to  follow  how  the  transmitter  in  the  East  set  acts  as  a 
key  in  the  West  wire,  and  vice  ver'sa.  Suppose  the  distant  East 
station  opens  and  writes;  the  operator  opens  the  local  points  of 
relay  E,  and  this  opens  transmitter  T;  through  its  tongue  and 
post  passes  the  West  wire,  and  it,  therefore,  is  opened.  The  open- 
ing of  the  West  wire  should  open  relay  W  and  transmitter  T';  and 
the  opening  of  transmitter  T'  would  open  the  East  w^ire  which 
passes  through  its  tongue  and  post.  But  the  opening  of  the  East 
wire  when  the  distant  East  is  sending  is  just  what  the  repeater  is 
intended  to  prevent.  When  transmitter  T  opens,  the  extra  mag- 
net W',  held  closed  by  battery  h  through  the  back  points  of  the 
transmitter,  also  opens;  the  pendent  armature  P  is  released,  falls 
back,  and  holds  closed,  by  the  tension  of  its  spring,  the  upright 
armature  of  electromagnet  W.  This  prevents  the  opening  of 
transmitter  T';  and  the  East  wire  is  not  allowed  to  open  in  the 
latter  instrument.  Transmitter  T'  can  be  opened  only  by  opening 
a  key  in  the  West  wire,  either  at  the  repeater  (key  not  shown  in 
diagram)  or,  normally,  at  the  distant  West  station. 

When  the  distant  West  writes,  the  action  begins  with  the 
West  relay  W  the  same  course  as  that  just  described;  in  this  case 
the  pendent  armature  P'  holds  closed  the  transmitfter  T,  and  the 
West  wire  ])assing  through  its  tongue  and^post. 

The  Atkinson  Repeater.  Probably  the  best  of  all  the  re- 
peaters in  general  use  is  the  Atkinson,  the  theory  of  which  is  shown 
in  Fig.  22.  The  apparatus  consists  of  two  relays  of  the  common 
type,  two  transmitters,  two  main  batteries,  a  pair  of  local,  and  an- 
other pair  of  extra  local,  batteries.  The  local  batteries  belong  to 
circuits  which,  it  will  be  noticed,  are  marked  one  with  dots,  the 
other  with  dots  and  dashes,  the  same  as  in  the  Milliken  repeater 
On  the  East  set  the  battery  is  marked  MB,  relay  E,  extra  sounder 
E'  (operated  by  battery  7/),  and  transmitter  T;  the  West  set  is 
lettered  to  correspond.  The  wires  marked  East  and  West  extend, 
of  course,  in  each  direction  to  distant  terminals.     Suppose  the  dis- 
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tant  East  opens  his  key;  lie  thereby  opens  in  rapid  succession  relay 
E  and  transmitter  T,  which,  in  turn  opens  the  West  wire  and  relay 
W.  The  opening  of  the  local  points  of  the  latter  instrument  would 
ordinarily  open  transmitter  T',  and  therefore  the  East  wire  which 
passes  tlM'ough  the  tongue  and  post  of  transmitter  T'.  But  here 
again  the  opening  of  the  East  M^ire,  w^hen  the  East  side  is  sending, 
is  prevented  by  a  device  characteristic  of  this  repeater.  When 
transmitter  T  opens,  the  current  passing  through  Wis  broken; 
the  armature  of  W  is  released  and,  falling  against  the  backstop,  it 
bridges  the  ])oints  of  relay  W,  so  that  transmitter  T'  is  held  closed 
and,  with  it,  the  East  wire.  As  in  the  Milliken,  transmitter  T  can 
only  be  opened  by  opening  the  key  on  the  West  wire  either  at  the 
repeater  or,  normally,  at  the  distant  West  station. 

When  the  latter  opens  his  key  the  action  begins,  as  already  de- 
scribed, with  the  West  relay  AV  and  follows  precisely  the  same  order, 
in  the  latter  case  the  magnet  E'  holds  closed  transmitter  T.  Notice 
that,  in  describing  the  action  of  this  repeater,  the  language  used  is 
very  similar  to  that  employed  in  connection  with  the  Milliken. 

These  two  forms  of  repeater  afford  illustration  sufHcient  for  a 
good  understanding  of  the  principle;  one  more  kind  is  added  be- 
cause, up  to  a  recent  date  it  was  in  general  use  by  one  of  the  large 
telegraph  companies;  and,  more  especially,  because  its  construc- 
tion involves  the  principle  of  differentiation  in  magnet  coils  which 
plays  so  important  a  part  in  duplex  telegraphy.  A  description 
therefore  forms  a  convenient  stepping  stone  to  the  subject  of  mul- 
tiplex work,  w^hich  opens  up  a  new  and  interesting  field. 

A  theoretical  diagram  of  the  Weiny= Phil  lips  repeater  is- 
shown  in  .Fig.  23.  As  in  the  Milliken,  there  are  three  distinct 
sets  of  circuits  in  duplicate;  that  is,  one  set  represents  the  East^ 
the  other  the  West  side  of  the  apparatus;  and  in  all  three  diagrams, 
Figs.  21,  22,  and  23,  the  parts  performing  like  functions  ax^  sim- 
ilarly outlined  and  lettered.  The  connections  of  the  main  line 
(full  line),  and  of  the  local  (dotted)  circuits  are  identical  with  those 
of  the  MillikeUo  But,  instead  of  the  extra  magnets  E'  and  W  and 
the  pendent  armatures  P  and  P'  of  the  repeater  last  named,  there 
is  a  device  which  effects  the  same  end;  and,  for  the  reason  already 
indicated,  it  requires  some  attention  because  of  the  new  principle 
involved. 
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In  E'  and  W  we  have  an  iron  shell  enclosing  a  straight  iron 
core  and  its  winding.  Th(i  combination  of  shell  and  core  performs 
the  same  functions  as  the  parallel  cores  in  the  common  type  of 
relay.  Trace  the  wire  from  battery  h  to  the  core  W;  at  a  point 
just  above  the  core  the  circuit  splits;  one  part  winds  round  the 
core  to  the  left,  and  goes  to  the  middle  point  of  the  lever  of  the 
transmitter;  thence  back  to  the  zinc  pole  of  battery  h.  The  other 
part  goes  to  the  right,  and  back  to  transmitter  T  at  the  under-stop 
of  the  lever.  Each  division  of  the  magnet  coil  contains  the  same 
number  of  turns  of  wire  round  core  W.  When  transmitter  T  is 
closed,  since  the  lever  makes  contact  with  the  under-stop,  the  cur- 
rei)t  from  battery  b  traverses  the  coils  of  core  W  in  op|)osite  direc- 
tions; the  result  being  that  no  magnetic  pull  is  produced  in  the 
core.  But  note  the  effect  when  transmitter  T  is  open.  One  of  the 
circuits  that  passes  round  the  core  is  open;  the  neutralization  of 
the  current  in  the  other  division  of  the  circuit  is  impossible;  the 
core  at  once  becomes  an  electromagnet  capable  of  holding  the 
armature  at  the  needed  moment.  A  winding  of  this  kind  allows 
the  core  to  be  energized  by  the  difference  in  the  strength  of  the 
currents  in  the  two  divisions;  such  a  core  is  said  to  be  differentially 
wound.  If  currents  equal  in  quantity  pass  round  the  coils  of  core 
W  in  opposite  directions,  their  magnetic  effects  are  nil;  if  the 
currents  are  unequal,  or  if  one  current  is  nothing  and  the  other  any 
given  quantity,  the  core  is  energized  and  will  attract  its  armature. 

Notice  now  the  operation  of  this  repeater,  in  effect  identical 
N\'ith  that  of  the  others.  The  distant  East  station  opens  his  key; 
this  opens  relay  E,  then  transmitter  T,  the  opening  of  which  opens 
the  West  wire  passing  through  the  points  of  transmitter  T.  The 
opening  of  the  West  wdre  would  open  relay  W,  transmitter  T',  and 
therefore  the  East  wire  which  passes  through  its  points.  The  last 
opening  is  the  one  the  repeater  is  planned  to  avert.  When  trans- 
mitter T  opens,  one  circuit  round  the  core  of  W'  is  opened;  the 
core  is  energized  and  holds  the  armature  of  relay  W  closed,  so  that 
transmitter  T',  through  whose  points  passes  the  East  wire,  does 
not  open. 

When  the  distant  West  breaks  and  sends,  the  same  action  be- 
gins with  tlie  West  rehiy  and  follows  the  same  coiirse.  The  dis- 
tant East  and  West  can  then  work  with  one  another  through  the 
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repeater,  and  have  the  benefit  of  the  main  line  batteries  at  the 
re|^ating  station.  This  is  the  sole  purpose  of  a  repeater;  in  every 
other  respect  it  is  a  disadvantage,  introducing  in  a  circuit  two  sets 
of  apparatus  which  need  careful  adjustment  and  considerable  at- 
tention. 

MULTIPLEX  TELEGRAPHY. 

The  Stearns  Duplex.  In  the  description  of  the  AV^eijiy- 
Phillips  repeater,  the  differential  winding  of  a  single  core  was 
illustrated;  and  the  fact  explained  that  such  a  magnet  is  operated 
by  the  difference  in  the  strengths  of  the  currents  passing  through 
the  coils.  If  the  two  cores  of  a  single-line  instrument  are  wound 
in  the  manner  described,  we  have  a  form  of  relay  known  as  the 


Stearns  differential;  with  this  and  a  few  accessories  a  line  can  be 
made  to  carry  signals  in  opposite  directions  at  the  same  time.  In 
other  words,  the  wire  can  be  duplexed;  and  the  theory  of  it  can  be 
explained  and  understood  from  the  diagram.  Fig.  24,  in  which  the 
apparatus  and  connections  for  both  terminals  are  shown.  D  Iv 
and  D'  li'  are  the  differential  relays;  the  gap  between  them  is  sup- 
posed to  be  bridged  by  the  main -line  wire,  which  may  be  450  or 
500  miles  long. 

In  addition  to  the  relays  and  batteries,  the  essentials  for  each 
terminal  are  a  transmitter,  rheostat,  some  resistance  coils,  and  a 
condenser.  Each  of  these  may  be  seen  in  its  place  in  the  diagram; 
the  rheostat  marked  in  fidl,  the  others  with  the  first  letter  of  ihe 
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name;  the  local  circuits  for  the  relays  are  not  shown.  One  pole 
of  each  battery  is  grounded ;  the  other  makes  contact  with  the  post 
P  of  the  transmitter;  and,  as  the  sets  are  duplicates,  one  only  needs 
to  be  described. 

The  lever  of  transmitter  T  makes  contact  with  the  ground 
through  a  coil  c  r,  which  compensates  for  the  internal  resistance 
ij(  the  battery,  making  the  resistance  of  the  circuit  the  same  whether 
the  transmitter  is  closed  or  open.  The  lever  carries,  on  an  insu- 
lating pedestal,  a  spring  or  tongue  t,  to  which  is  attached  the  line 
wire;  it  makes  contact  with  the  post  P  (battery)  when  the  trans-* 
mitter  is  closed,  and  with  the  lever  (ground)  when  the  transmitter 
is  open.  This  instrument  is  seen  to  be  a  device  for  transferring 
the  line  wire  from  the  battery  to  the  ground  contact  without  inter- 
rupting the  circuit;  and  it  is  operated,  as  shown,  by  means  of  a 
key  in  a  local  circuit.  The  line  wire  can  be  traced  from  the 
tongue  t  to  the  point  of  division^technically  known  as  "  the  split"; 
the  little  semicircle  in  the  diagram  indicates  in  every  case  no  con- 
nection with  the  wire  underneath;  each  division  of  the  circuit 
passes  through  two  spools  of  the  relay;  one  branches  off  to  the 
main  line,  the  other  through  the  rheostat  to  the  ground.  By 
way  of  introduction  to  the  apparatus  last  named,  take  the  case 
of  a  motorman  of  a  trolley  car  in  motion.  His  left  hand  con- 
trols a  radial  arm  surmounting  a  box  which  extends  down  to 
the  platform,  and  contains  a  number  of  lengths  of  coiled  wire 
through  which  the  current  passes  on  its  way  from  the  trolley  wire  to 
the  motor.  Every  move  of  the  radial  arm  in  one  direction  or  the 
other  means  more  or  less  of  current,  and  therefore  more  or  less  of 
speed  in  the  motor.  The  coils  resist  the  passage  of  the  current,  and 
the  box  is  therefore  a  current  retarder,  or  rheostat,  which  is  the 
same  thing.  In  a  similar  manner,  either  by  a  radial  arm  or,  more 
commonly  in  a  duplex,  by  means  of  pegs  making  contact  between 
discs  in  which  the  resistance  coils  terminate,  the  current  may  be 
regulated  in  the  circuit  of  which  the  set  of  coils  marked  "rheostat" 
is  a  part;  that  portion  of  the  circuit  from  the  point  of  division  to 
the  ground  being  called  the  artificial  line. 

The  purpose  of  the  rheostat  is  to  divide  the  current  passing 
throuo-h  the  relay  coils  equally  between,  the  main  and  artificial 
lines;  and,  as  already  intimated  in  connection  with  the  repeater, 
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this  can  be  done  by  making  the  resistance  in  the  rheostat  equal  to 
that  of  the  450  or  500  miles  of  wire  in  the  main  line — anywhere 
from  5^000  to  10,000  ohms,  When  this  condition  is  established 
it  does  not  matter,  within  working  limits,  wliat  the  size  of  battery 
is;  the  current  will  pass  through  the  relay  with  no  appreciable 
magnetic  effect  upon  it;  and  the  duplex  is  said  to  be  "balanced". 

How  to  Balance.  Suppose  the  terminals  to  be  provided  with 
duplex  sets  and  batteries  as  shown  in  the  diagram,  and  a  main  line 
connecting  them.  First  approximate  the  balance  by  pegging  the 
rheostat  to  5,000  or  6,000  ohms  in  clear  weather  for  a  line  450 
miles  long.  Ask  the  distant  office  to  "open".  Notice  in  connec- 
tion with  transmitter  T'  that  this  opening  grounds  the  wire  at  the 
distant  end.  There  is  now  no  battery  on  the  line  but  your  own; 
lower  the  tension  on  the  spring  s  jp  and,  by  means  of  the  pegs, 
vary  the  resistance  in  the  rheostat  (the  home  key  being  closed) 
until  the  cores  of  the  relay  show  no  appreciable  attraction  for  the 
armature.  This  done,  open  and  close  the  key  a  number  of  times; 
a  slight  click  of  tlie  sounder  with  each  movement  of  the  key  wuU 
probably  bs  heard — an  effect  which  it  is  necessary  to  eliminate. 
It  is  with  the  dynamic,  or  current,  form  that,  up  to  this  time,  we 
have  been  dealing;  but  the  false  signal  just  mentioned  in  connec- 
tion with  the  duplex  brings  to  notice,  for  the  first  time,  electricity 
in  the  form  of  eharges  upon  the  wire,  and  therefore  called  static. 
It  presents  itself  as  a  disturbing  element  in  connection  with  du|)lex 
work;  and  the  remedy  for  it  is  a  movement  in  the  artificial  line 
round  the  relay  coils  in  a  direction  opposite  to  tliat  whicli  causes 
the  'kick';  the  means  for  producing  it  is  the  apparatus  in  Fig.  24 
marked  C,  for  condenser. 

For  a  statement  of  what  static  electricity  is,  and  certain  forms 
of  the  condenser,  see  "  Elements  of  Electricity",  In  the  diagram, 
the  lines  repT*esent  sheets  of  tin  foil;  the  spaces  mica,  paraffined 
paper,  or  some  insulating  material;  one  set  of  the  sheets  makes 
connection  with  the  line;  alternating  with  them,  as  shown,  is 
another  set  which  makes  contact  with  the  ground.  The  sheets, 
with  the  insulating  material,  are  enclosed  in  a  box,  and  the  con- 
nections mentioned  are  made  in  one  case  by  means  of  a  bar,  and  in 
the  other  by  means  of  a  set  of  discs  so  placed  that,  with  a  few  pegs, 
the  number  of  sheets  in  actual  use  can  be  varied;  and,  by  means 
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of  an  adjustable  set  of  coils  ^'j  the, charge  and  discharge  can  be 
assimilated  to  that  of  the  main  line. 

On  the  condensers  commonly  used  in  telegraphy  the  discs  are 
usually  ^ve  in  number,  and  are  marked  40,  32,  16,  8,  4  to  denote 
the  percentage  of  tin -foil  area  connected  to  the  disc.  If  pegs  are 
inserted  uniting  the  bar  with  discs  marked  4,  16,  and  40,  60  per 
cent  of  the  capacity  is  in  use,  and  the  charge  and  discharge  will  be 
in  just  that  proportion.  A  condenser  usually  bears  a  stamp  as 
2.5  M  F,  or  3  M  F.  The  M  F  stands  for  micro-farad,  which  is  the 
practical  unit  of  capacity;  and  is  about  equal  to  that  of  three  miles 
of  an  xYtlantic  cable. 

With  the  duplex  in  operation  there  is,  on  the  closing  of  the 
transmitter,  a  charge  through  each  pair  of  relay  coils  and,  on  the 
opening  of  the  transmitter,  a  discharge  through  each  pair  of  relay 
coils  the  same  in  quantity  and  at  the  same  instant;  and  in  each 
case  the  movement  in  one  j)air  of  relay  coils  neutralizes  that  in 
tlie  other. 

When  (lie  ''kick"  lias  been  cleared,  the  distant  station  is 
asked  to  write;  and  it  will  ])e  found  that  the  outgoing  signals  do 
not  interfere  with  the  incoming,  because  the  duplex  has  had  a 
static,  in  addition  to  its  first,  or  ohniic,  balance.  Tlie  distant 
station  then  goes  through  with  the  same  process,  and  the  sets  are 
ready  for  service. 

All  the  accessories  having  been  described,  it  remains  to  trace 
in  detail  the  effects  of  the  currents  on  the  relays  in  every  position 
possible  to  the  transmitters.  In  the  diagram,  on  the  left,  the  bat- 
tery has  zinc  to  the  post  and  copper  to  the  ground;  at  the  other 
terminal,  on  the  right,  copper  is  to  the  post  and  zinc  to  the  ground. 
The  duplex  would  work  if  the  batteries  had  like  poles  to  the  line; 
but  we  shall  consider  them  in  the  manner  shown.  In  operation, 
four  conditions  are  possible,  and  they  may  be  tabulated  as  follows: 


T  closed 
T  open 
T  closed 
T  open 

—  to  line 

G  "     " 

((        u 

G  "    " 

T'  closed 
T'  closed 
T'  open 
T'  open 

+  to  line 

G  ''     " 
G  "     '' 

D'  R'  closed 
D'  R'  open 
D'  R'  closed 
D'  R'  open 

DR  closed 
DR  closed 
DR  open 
DR  open 

It  will  a])pear  from  this  that  the  differential  relay  at  one  t"r- 
miiial  obeys  the  transmitter  at  the  oth^r.     We  ^b^U  m  1^^^^^  ^M^ 
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works  out  in  practice.  A  line  450  miles  long  usually  has  a  voltage 
of  at  least  150  at  each  terminal ;  and,  as  only  25  cells  are  represented 
in  the  diagram,  each  cell  must  be  supposed^to  represent  6  volts. 

First,  when  T  and  T'  are  closed;  the  batteries  unite  their 
energies,  giving  on  the  main  line  a  current  of  -^^j  ampere,  or  40 
milliamperes.  On  the  artificial  line,  in  the  relay  coils  at  each  ter- 
minal, there  is  a  current  from  the  battery  at  that  terminal  through 
a  resistance  in  the  rheostat  equal  to  that  of  the  line,  say  20  milli- 
am})eres,  because  the  voltage  in  each  case  is  only  one-half  that  of 
the  united  batteries  on  the  main  line.  In  the  coils  of  each  relay 
there  is  a  difference  of  20  ma  and  both  remain  closed. 

Next,  open  transmitter  T.  The  battery  at  the  left  is  cut'off,  and 
the  line  is  grounded  through  a  compensating  resistance  C  II  ecpial 
to  the  internal  resistance  of  the  battery.  On  the  artificial  line  in 
relay  Dli  there  is  no  current;  on  the  main  line  there  is  a  current 
of  20  ma  from  the  distant  battery;  relay  I)  K  remains  closed.  On 
the  artificial  line  in  relay  D'  K'  there  is  a  current  of  20  ma  which 
neutralizes  the  current  of  20  ma  on  the  main  line,  and  the  relay 
D'R'  opens;  in  other  words,  it  obeys  transmitter  T. 

Next,  close  transmitter  T  and  open  T'.  This  is  the  phase 
shown  in  the  diagram,  and  it  should  be  traced  with  special  care. 
The  line  is  now  grounded  through  the  tongue  f  and  lever  of  T'  on 
the  right;  and  the  only  current  on  the  wire  is  from  the  battery  at  the 
other  end.  At  the  terminal  where  T'  is  there  is  no  current  on  the 
artificial  line,  and  the  current  of  20  ma  on  the  main  line  closes 
the  relay  D' 11'.  But  at  the  other  terminal,  w^here  T  is,  the  cur- 
rent in  the  coils  of  the  artificial  line  neutralizes  the  current  on  the 
main  line,  and  the  relay  D  R  opens;  in  other  words,  it  obeys  trans- 
mitter T'. 

Lastly,  when  both  transmitters  are  open.  The  battery  at  each 
terminal  is  oft';  there  is  no  current  in  either  the  main  or  artificial 
line  at  either  terminal,  and  the  relays  stand  open.  In  this  way  are 
verified  the  results  set  down  in  the  table;  the  relay  in  each  case  is 
unresponsive  to  the  home, instrument,  but  responsive  to  the  distant 
transmitter;  and  signalling  in  opposite  directions  at  the  same  time 
is  |)racticable. 

In  explanation  of  the  ])art  played  by  the  conUenser  in  the 
long  distance  duplex,  it  may  be  eaici  that  when  current  flows  in  a, 
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wire,  a  portion  of  it  collects  and  becomes  static  on  the  conducting 
material;  and  it  will  discharge  instantly  in  any  direction  a  path 
offers.  In  duplex  work,  the  transmitter  makes  a  line  contact  first 
with  the  battery,  then  with  the  ground;  the  conditions  are  present 
for  a  static  charge  and  discharge  of  the  wire;  and  the  extent  to 
which  it  is  capable  of  these  effects  is  called  its  electro -static  ca- 
pacity. On  short  lines  it  is  small;  so  that,  in  the  duplexing  of 
such  wires,  the  *kick'  is  not  noticeable;  but  there  is  a  difference 
between  a  main  line  wire  450  miles  in  length,  and  the  fine  wire 
with  which  the  coils  of  the  rheostat  are  wound.  So  far  as  resist- 
ance to  the  current  is  concerned,  the  coils  in  the  box  are  capable 
of  reproducing  exactly  the  conditions  on  the  wire;  but  the  main 
line  wire  has  electro-static  capacity;  the  fine  wire  of  the  rheostat 
coils  has  not.  The  initial  charge  in  the  line,  therefore,  will  not, 
unless  the  condenser  is  used,  be  offset  by  an  opposite  movement  in 
the  artificial  line;  nor,  at  the  termination  of  the  signal,  when  the 
line  is  moved  from  tlie  battery  to  the  ground,  will  the  discharge 
be  offset  by  an  opposite  movement  in  the  artificial  line.  A  form 
of  duplex  was  invented  in  Germany,  and  known  in  America  as 
early  as  1855;  but  it  was  w^orked  only  on  comparatively  short 
lines.  The  duplexing  of  long  lines  by  the  aid  of  the  condensei 
was  made  practical  in  1872;  and  the  credit  is  due  to  Joseph  B. 
Stearns  of  Boston.  His  was  one  of  the  notable  achievements  in 
the  history  of  telegraphy,  for  by  means  of  it  the  value  of  most  of 
the  wires  of  the  telegraph  companies  was  doubled  at  a  stroke. 

In  the  diagram.  Fig.  24,  there  is  indicated  a  connection  from 
each  transmitter  through  a  coil  cr  to  the  ground  at  Z*.  Before 
leaving  the  subject  of  the  Stearns  duplex,  it  is  proposed  to  make 
a  change  in  this  circuit,  and  note  results  with  a  view  to  future 
reference  and  use.  In  each  circuit  move  the  wire  from  the  point 
1)  to  the  point  h'.  *  When  the  transmitters  are  closed  the  c  r  cir- 
cuits are  open,  so  that  the  change  to  h'  makes  no  difference  on  the 
line;  but  when  a  transmitter  is  open,  the  line  has  in  circuit  about 
one-third  of  the  battery  before  it  reaches  the  ground.  Under  these 
conditions,  instead  of  the  main  and  artificial  lines  being  free  of  cur- 
rent, there  would  be  on  the  main  line  coils  in  each  relay,  say  16  ma 
of  current;  and  opposed  to  it  in  the  artificial  line  coils  about  8  ma. 
The  difference  (8  ma)  would   be  suflicient  to  close  the  relays;   but. 
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according  to  the  four-phase  table,  when  the  transmitters?  aie  open 
the  relays  should  be  open.  Under  these  conditions,  to  open  the 
relays  it  would  be  necessary  to  increase  the  tension  on  the  arma- 
ture spring.  Now,  if  for  any  reason,  we  wish  to  maintain  a  weak 
current  always  on  the  line  we  could  use  for  the  purpose  a  por- 
tion of  the  batteryi  and  counteract  the  effects  of  it  by  giving  the 
spring  sj)  sufficient  tension  to  overcome  the  magnetism  induced 
by  the  weak  current;  or,  as  the  operators  express  it,  the  relay  can 
be  "turned  up"  above  the  weak  current.  This  done,  the  opera- 
tion of  the  duplex  can  be  carried  on  as  usual;  the  only  difference 
is  that  the  springs  of  the  relays  have  tension  sufficient  to  make 
them  unresponsive  to  the  weak  currents.  It  is  possible,  therefore, 
to  work  a  duplex  of  the  Stearns  pattern  when  the  connections  are 
such  that  the  movement  of  each  transmitter  sends  alternately  to 
the  line  the  whole  battery  and  only  one-third  of  it.  This  state- 
ment- made,  let  us  leave  it  for  the  present.  It  will  be  fitted  into  its 
place  later,  when  we  come  to  deal  with  the  quadruplex  in  connec- 
tion with  which  the  statement  just  made  plays  an  important  part. 

It  remains  only  to  gather  up  the  terms  and  phrases  used  in 
describing  the  duplex;  from  this  time  on  they  must  be  a  part  of 
our  vocabulary.  We  have  had  to  do  with  the  differential  winding 
of  a  single  core,  the  differential  relay,  main  line,  artificial  line, 
rheostat,  compensating  resistance,  transmitter,  condenser,  retarda- 
tion coils  marked  /•/•,  internal  resistance  (usually  of  a  battery),  the 
split,  the  balance,  tension  (of  a  spring),  the  static  and  its  kick, 
charge  and  discharge,  electrostatic  capacity.  If  the  reader  will 
note  in  the  diagram,  as  far  as  possible,  each  object  nanu^d,  he 
should  get  a  better  idea  of  its  theory  and  function  than  could  be 
obtained  from  a  definition. 

It  thus  appears  that  the  characteristic  instrument  of  the 
Stearns  duplex  is  a  relay,  in  appearance  not  very  different  from 
the  ordinary  relay  of  the  single-line  type;  it  can  be  constructed 
from  it  by  a  change  in  the  winding  from  the  simpfe  to  the  differ- 
ential form  as  represented  in  the  diagram.  Fig.  24.  For  the  sake  of 
simplicity  all  the  thumbscrew  connections,  the  front  and  back 
stop,  and  apparatus  of  the  local  circuit  are  omitted  from  the  draw- 
ing; only  the  essential  parts — the  differential  coils  with  the 
armature   and   spring — are  shown.     It   will  be   noticed   that  the 
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main  line  has  a  number  of  turns  around  one  core,  then  around  the 
other;  the  same  with  the  artificial  line.  In  practice,  the  points 
where  the  main  and  artificial  lines  enter  and  leave  the  instrument 
are  fitted  with  four  thumbscrews;  two  more  are  provided  for  the 
local  points — one  making  connection  with  the  armature,  and  the 
other  with  the  front  stop — ^forming  parts  of  a  local  circuit  as  in 
the  ordinary  single-line  relay.  These  omitted  parts  will  ])e  sup- 
plied in  Fig.  29;  but  in  dealing  with  first  princi})les  the  fewer  the 
details  the  better. 

The  Polar  Duplex.  In  the  same  manner  as  we  took  the 
single-line  relay  and  changed  it  to  one  of  the  differential  type,  so 
now  it  is  proposed  to  take  the  latter,  to  make  some  changes  in  its 
construction;  and,  with  a  view  to  one  more  advance,  to  introduce 
a  different  form  of  armature  and  note  the  results.  The  yoke 
which,  in  the  working  instrument,  joins  the  cores  at  the  ends 
furthest  from  the  armature  is  supposed  to  be  removed;  next  take 
away  the  armature  and  turn  end  to  end  the  cores  that  faced  it,  so 
that  the  coils,  instead  of  lying  parallel,  are  in  a  straight  line. 
With  a  space  of  one-quarter  or  one-third  inch  between  them  they 
will  present  the  appearance  shown  in  Fig.  25,  in  which  C  and  Z, 
C'  and  Z'  represent  the  terminals  of  the  coils;  one  core  is  marked 
D  A,  the  other  BE;  and  for  observation  the  student  is  supposed 
to  take  up  a  position  in  the  space  between  the  cores.  First,  a  cur- 
rent in  the  wire  C  Z  encircles  the  core  D  A  in  a  direction  opposite 
to  that  of  the  hands  of  a  clock,  that  is,  from  right  to  left,  then  it 
encircles  the  core  B  E  in  the  direction  of  the  hands  of  a  clock,  that 
is  from  left  to  right.  If  the  student  will  imagine  himself  in  place 
between  the  letters  A  and  B  he  can  readily  understand  this. 

Heretofore  we  have  been  content  merely  to  state  the  fact  of 
the  attraction  of  a  magnet  for  its  armature;  the  point  has  now 
been  reached  where  it  is  necessary  to  state  the  law  of  the  formation 
of  magnetic  poles  in  cores  around  which  a  current  is  passing.  In 
"Elements  of  Electricity"  are  shown  magnets  marked  N  and  S; 
in  the  text  relating  to  the  same  it  is  explained  that  N  stands  for 
north -seeking,  S  for  south- seeking;  and  there  is  further  stated  the 
law  that  like  poles  repel,  while  unlike  poles  attract,  each  other. 
Reverting  now  to  what  was  said  of  the  passing  of  a  current  round 
a  core,  let  us,  for  the  sake  of  brevity,  call  the  directions  just  men- 
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tioned  anti -clockwise  and  clockwise.  At  the  end  of  the  core,  at 
which  one  is  looking  ''end  on",  magnetic  poles  are  formed  accord- 
ing to  this  law:  When  the  current  passes  anti -clockwise  N 
polarity  is  induced  in  the  near  end,  S  polarity  in  the  far  end;  when 
the  current  passes  clockwise,  S  polarity  is  induced  in  the  near  end, 
N  polarity  in  the  far  end.  In  the  instance  shown  in  Fig.  25  in 
the  line  C  Z,  there  will  be  formed  at  A  and  D,  X  and  S  poles 
respectively;  at  B  and  E,  S  and  N  poles  respectively.  There  is 
therefore  on  one  side  of  the  space  between  the  cores  an  N  mag- 
netic pole;  on  the  other  side  an  S  pole;  it  remains  to  provide 
something  on  which  they  may  act. 


Fig.  25. 

In  Fig.  26  let  S  be  the  end  of  a  permanent  magnet  semicir- 
cular in  shape;  a  strip  of  soft  iron  for  an  armature  is  so  pivoted 
that  it  can  move  freely  between  the  stops  at  the  upper  end.  In 
the  armature  the  induced  poles  are  marked  with  the  small  letters 
7?.  and  8,  in  accordance  with  the  principle  stated  in  "  Elements  of 
Electricity".  With  no  current  in  the  wire  C'Z',  a  current  in  the 
wire  in  the  direction  C  to  Z  will  induce,  according  to  the  clock 
rule,  at  A,  N  magnetism;  at  B,  S  magnetism.  The  N  pole,  ac- 
cording to  a  law  already  stated,  attracts  the  s  pole  of  the  armature; 
the  S  pole  repels  it;  the  armature  is  strongly  moved  towards  front 
stop  F.  The  current  ceases,  let  us  suppose;  but  the  armature  has 
no  spring,  and  its  position  remains  unchanged  until  a  current  flows 
through  the  same  wire  in  a  direction  from  Z  to  C.  Under  its 
influence  there  is  formed  at  B,  an  N  pole;  at  A,  a  S  pole;  the 
effect  on  the  .»?  pole  of  the  armature  is  to  move  it  from  the  front  to 
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the  back  stop.  Every  time  the  current  changes  its  direction  the 
armature  changes  its  position  from  one  stop  to  another;  and  we 
have  2i  polar  relay.  It  is  one  in  which  a  magnetized  armature  is 
moved  from  point  to  point  under  the  influence  of  magnetic  poles 
changing  as  the  effect  of  changes  in  the  direction  of  the  current 
around  the  cores. 

One  step  more  and  we  have  a  differential  polar  relay.  In  the 
diagram,  Fig.  26  is  an  extra  wire  with  a  number  of  turns  around 
each  core.  Its  terminals  are  C  Z';  but  it  is  so  wound  that  a  cur- 
rent from  C  to  Z'  passes  round  the  cores  in  a  direction  different 
from  that  in  the  line  C  to  Z.     The  current  from  C  passes  first 


Fig.  26. 

clockwise,  then  anti-clockwise  around  the  cores;  and  from  what 
has  been  said  it  is  plain  that  if  currents  of  equal  strength  flow  in 
the  wires  C  Z  and  C  Z'  they  will  induce  at  A  and  B  magnetic  poles 
such  that  they  will  neutralize  each  other;  provided,  of  course,  there 
is  the  same  number  of  turns  in  each  coil.  The  effect  on  the  arma- 
ture will,  in  that  case,  be  nil.  But  if  the  currents  in  C  Z  and  C  Z' 
are  not  equal,  the  armature  will  obey  the  stronger  current  with  a 
pull  determined  by  the  difference  between  the  two.  The  result  is 
a  differential  polar  relay,  by  means  of  which  that  very  perfect 
system  of  signalling  in  opposite  directions — the  polar  duplex — is 
possible.  The  relay  is  made  in  different  forms,  but  it  consists 
essentially  of  a  permanent  magnet  in  which  is  pivoted  a  strip  or 
tube  of  soft  iron  calM  the  armature.  This  is  placed  between  two 
cores  around  which  are  wound,  in  the  manner  shown  in  Fig.  26 
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two  independent  circuits.  The  windings  terminate  in  four  tlminb- 
screws,  with  two  more  for  the  local  points,  making  six  thumbscrews 
for  the  polar  relay.     The  spools  may  be  wound  in  various  ways; 
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the  wires  may  be  laid  side  by  side  throughout  the  length  of  each 
core;  or,  as  in  the  diagram.  Fig.  27,  in  equal  compartments  sepa- 
rated by  discs  at  right  angles  to  the  core.  In  the  relays  most  com- 
monly used  each  division  of  a  spool  contains  2,400  turns  of  wire, 
and  has  a  resistance  of  200  ohms;  so  that,  in  each  circuit  there  is  in 
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the  relay  coils,  a  resistance  of  400  ohms.  This  is  equal  to  42  miles 
(very  nearly)  of  'No.  6  iron  wire,  such  as  is  commonly  used  in  the 
construction  of  telegraph  lines. 

A  differential  polar  relay,  then,  is  one  whose  armature,  polar- 
ized by  contact  with  a  permanent  magnet,  is  operated  by  the  differ- 
ence in  the  strength  of  the  currents,  the  direction  of  whose  course 
is  constantly  being  changed. 

The  instrument  by  which  the  direction  of  the  current  is 
reversed  at  will  is  called  a  pole  changer,  which,  with  the  polar 
relay,  the  dynamos,  lamps,  and  dynamo  switch  connected  up,  is 
shown  in  Fig.  27.  These,  with  the  rheostat  and  condenser  described 
in  connection  with  the  Stearns  apparatus,  form  a  duplex  set  for  one 
terminal.  There  is  shown  in  the  drawing  one  set  for  each  ter- 
minal, and,  for  convenience  in  description,  the  left-hand  station  is 
called  Pittsburg;  the  other  Fort  Wayne.  The  latter,  as  compared 
with  the  former,  shows  a  different  arrangement  of  battery  and  pole 
changer,  of  which  explanation  will  be  made  later  on.  The  Pitts- 
burg pole  changer  is  operated  by  means  of  electromagnets.  These 
are  part  of  a  local  circuit  (not  shown)  and  controlled  by  a  key  in 
the  same  way  as  the  sounder  in  the  learner's  outfit.  To  the  end 
posts  of  the  pole  changer  are  connected  wires  from  dynamos  sup- 
plying,  let  us  suppose,  a  200-volt  current.  It  is  made  to  pass 
through  lamps  and  a  switch;  negative  to  the  left,  positive  to  the 
right.  To  the  center  lever  of  the  switch  is  connected  the  main 
line.  With  the  center  bar  of  the  switch  to  the  left,  connection  is 
made  with  the  lever  of  the  pole  changer,  so  that  when  the  latter 
is  closed  a  zinc  current  goes  to  the  main  line;  when  open,  copper. 

The  lamps  are  placed  between  the  dynamo  and  pole  changer  so 
that  in  case  of  a  short  circuit,  by  the  lever  of  the  pole  changer 
accidentally  making  contact  with  both  posts,  a  resistance  of  1,200 
ohms  will  be  interposed  until  the  short  circuit  can  be  broken  and 
thus  injury  to  the  dynamo  is  prevented.  The  purpose  of  the 
dynamo  switch  is  to  provide  means  for  readily  cutting  off  the  cur- 
rents from  the  pole  changer  when  any  cleaning  of  the  points  or 
adjustment  is  required,  or  in  case  of  a  short  circuit  through  the 
lever.  With  the  center  bar  of  switch  A  turned  to  the  right,  the 
main  line  goes  to  the  ground  through  a  resistance  equal  to  that  of 
each  lamp,  or  600  ohms;  it  makes  no  difference,  therefore,  in  the 
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resistance  of  the  main  line  whether  the  center  bar  is  to  the  left  or 
to  the  right.  From  the  switch  the  wire  may  be  traced  to  the 
'split'  near  the  polar  relay.  At  this  point,  as  in  the  Stearns 
duplex,  the  current  divides;  one-half  of  the  Pittsburg  battory  pass- 
ing through  two  coils  to  the  main  line;  the  other  half  also  through 
two  cgils  to  the  rheostat,  thence  to  the  ground.  The  function  of 
the  rheostat,  and  its  companion,  the  condenser,  was  explained  in 
connection  with  the  Stearns  duplex;  and  it  might  be  well  to  review 
that  part  of  the  text. 

How  to  Balance.  First  approximate  the  balance  by  pegging 
or  unpegging  the  rheostat  to  about  5,000  ohms  for  a  line  450 
miles  long;  in  wet  weather  two- thirds  of  that.  Ask  the  distant 
station — in  this  case.  Fort  Wayne — to  ground;  ground  also  at 
Pittsburg — the  home  station.  Adjust,  by  means  of  the  set  screws, 
the  armature  of  the  polar  relay  so  that  it  remains  on  one  stop  or 
the  other  as  placed,  or  else  vibrates  freely  under  the  influence  of 
the  slight  current  which  the  nearness  of  other  wires  on  the  poles 
may  induce.  Turn  the  switch  from  the  ground  to  the  pole 
changer  connection.  There  is  now  on  the  wire  no  current  of  any 
account  but  your  own;  and  the  rheostat  must  now  be  so  adjusted 
that  the  current  from  the  home  battery — in  this  case  the  Pittsburg 
— divides  equally  between  the  main  and  artificial  lines.  "When  it 
does  this  the  armature  of  the  home  relay  will  vibrate  freely  as  before. 

In  other  words,  the  home  current  has  no  effect  on  the  arma- 
ture and  the  relay  stands  ready  to  respond  to  the  current  from  the 
distant,  or  Fort  Wayne,  battery.  Tell  him  to  "cut  in";  he  does 
this  by  moving  the  lever  of  switch  F  from  the  right  to  the  left- 
hand  lower  point;  and  when  his  key  is  closed  your  relay  should 
close.  Now,  if  you  open  and  close  your  pole  changer  by  means  of 
your  key  the  static  "kick"  will  probably  be  noticed;  and  the 
remedy  for  it  is  the  same  as  that  described  in  connection  with  the 
Stearns  duplex.  This  done,  the  "kick"  disappears;  the  distant 
station  writes,  and  it  will  be  found  that  the  signals  sent  from  the 
home  station  by  reversing  the  pole  changer  do  not  interfere  with 
the  incoming  signals.  Fort  Wayne  then  asks  you  to  ground  and 
proceeds  to  balance  his  end;  the  duplex  is  then  ready  for  service. 
In  the  hands  of  experts  the  operation  of  balancing  both  ways  does 
not  ordinarily  require  more  than  three  minutes. 
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The  right  hand,  or  Fort  Wayne,  terminal  shows  an  arrange- 
ment of  battery  and  pole  changer  in  vogue  for  many  years  before 
the  use  of  the  dynamo  current  in  telegraphy;  and  it  still  obtains 
in  a  few  places  where  a  machine  current  is  not  available.  The 
diagram  represents  the  combination  of  a  chemical  battery  of  say 
150  cells  and  the  old-fashioned  continuity-preserving,  or  clock- 
face,  pole  changer.  The  latter  is  retained  here  and  described  be- 
cause it  is  also  as  an  essential  part  of  the  phonoplex — the  topic 
with  which  this  book  deals  last. 

In  the  diagram  only  the  clock-face  portion  is  shown;  the  part 
G',  in  the  center,  represents  the  end  of  a  lever  operated  like  that 
shown  in  the  Pittsburg  pole  changer,  making  contact  with  the 
ground.  The  poles  of  the  battery  connect  with  two  springs  as 
shown;  the  latter  with  the  point-bearing  blocks,  Q  and  R  are 
suitably  insulated  from  the  supporting  material  which  is  usually 
of  brass.  Q  and  R  are  connected  to  each  other  and  to  the  main 
line.  The  connections  made  when  the  lever  is  closed  are  shown  in 
the  diagram.  The  left-hand  spring  is  grounded,  lifting  it  up  from 
Q;  the  right-hand  spring  is  free  from  the  ground,  but  is  making 
contact  between  the  line  and  the  zin<j  pole  of  the  battery.  When 
the  pole  changer  is  open,  the  center  block  drops  down;  the  line 
makes  connection  with  copper;  zinc  goes  to  the  ground.  In  both 
forms  of  pole  changer  the  results  are  therefore  the  same — zinc 
to  the  line  when  closed;  copper  when  open — and  this  is  the  rule 
for  their  arrangement  in  practice.  Care  must  evidently  be  taken 
for  the  adjustment  of  the  pole  changer  in  either  form.  "Clean 
and  close"  is  the  rule  for  placing  of  the  points — as  close,  that  is, 
as  they  can  be  worked  without  short-circuiting  and  sparking.  Of 
pole  changers  and  sounders  alike  the  armatures  must  not  be  al- 
lowed to  beat  upon  the  magnets;  to  make  sure  they  do  not,  a  piece 
of  paper  should  at  times  be  passed  between  them. 

As  in  the  Stearns  duplex,  the  polar,  duplex  in  operation  has 
combinations  of  curr.ent  four  in  number;  and  a  description  of  the. 
latter  will  not  be  complete  without  giving,  in  detail  the  reason  for 
the  response  of  the  relays  in  each  combination.  In  advanced 
telegraphy  there  is  no  instrument  in  more  general  use  than  the 
polar  relay;  the  principles  involved  are  everywhere  used;  and  a 
thorough  understanding  of  them  is  necessary  to  a  mastery  of  the 
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more  complex  forms  of  apparatus  and  their  latest  applica- 
tions. The  changes  in  magnetic  poles,  as  the  result  of  changes  in 
the  direction  of  the  current,  will  occupy  our  attention  now;  but 
before  entering  upon  this  we  must  consider  the  conditions  which 
determine  the'  direction  of  the  current. 

Much  has  been  said  about  positive  and  negative  currents,  and 
the  signs  +  and  —  are  conventionally  used  to  represent  them; 
but  these  terms  are  not  meant  to  convey  the  idea  of  strong  and 
weak;  a  negative  current  may  be  strong  or  weak  the  same  as  a 
positive.  In  surveying  it  is  convenient  to  consider  "sea  level"  as 
a  zero  point  from  which  to  measure  heights  or  depths,  so  in  elec- 
trical potential  the  earth  is  taken  as  a  neutral  point  and  arbitrarily 
called  zero;  a  current  flowing  into  it  is  called  positive;  a  current 
flowing  from  it,  negative.  If  this  seems  unsatisfactory,  perhaps 
an  analogy  may  help  us.  Suppose  we  regard  the  air  at  rest  as 
zero.  Confine  a  rotating  fan  within  a  closed  iron  frame  with  a 
single  tubular  opening.  Revolve  the  fan  and,  at  the  opening,  ^ 
pressure  will  at  once  be  felt  of  say  50  pounds  to  the  inch.  A  few 
feet  away  the  pressure  will  be  25;  further  away  15;  and  so  on 
until  no  disturbance  of  the  air  is  felt;  the  pressure  is  practically 
zero.  Reverse  the  direction  of  the  fan's  motion  so  that  instead  of 
pressure  outward  there  is  suction  Inward,  and  at  like  distances 
effects  like  those  just  mentioned  will  be  felt,  but  in  an  opposite 
sense.  At  the  opening  the  suction  is  50;  whereas  before  there  was 
an  outward  pressure  of  50.  In  the  one  case  we  have  the  air  at 
rest,  the  pressure,  and  the  suction;  these  have  their  electrical  anal- 
ogies in  the  earth  considered  as  zero  potential;  the  positive  cur- 
rent, which  always  sets  towards  the  earth;  and  the  negative,  which 
always  sets  from  it.  The  common  direction  of  a  thunderbolt  is 
from  a  cloud  to  the  earth,  in  this  case  the  cloud  must  be  posi- 
tively charged;  but  instances  have  occurred  where  the  direction  of 
the  bolt  was  from  the  earth  to  the  cloud;  in  which  case  the  cloud 
was  negatively  charged.  In  cJther  words,  and  for  the  present  pur- 
pose, the  direction  of  the  current  is  always  -f  to  zero,  +  to — ,  and 
zero  to  — ;  or,  as  stated,  always  from  the  higher  potential  to  the 
lower.  It  is  taken  for  granted  that  the  same  amount  of  current  is 
supplied  to  the  line  at  each  terminal;  in-a  duplex  circuit  400  or 
450  miles  in  length  this  is  generally  150  or  200  volts.     With  these 
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statements  in  mind  the  investigation  of  the  combinations  possible 
in  duplex  telegraphy  may  be  taken  up. 


Pgh  key. 

To  line. 

FtW  relay. 

FtW  key. 

To  line. 

Pgh  relay. 

1    Closed 

— 

Closed 

Closed" 

— 

Closed 

2    Open 

+ 

Open 

Closed 

— 

Closed 

3    Closed 

— 

Closed 

Open 

+ 

Open 

4    Open 

+ 

Open 

Open 

-f 

Open 

In  phases  1  and  4,  the  two  stations  present  like  poles  to  the 
main  line;  in  phases  2  and  3  unlike  poles. 

Comhination,  or2>hase  1.  Pole  changers  at  terminals  closed; 
zinc  to  the  main  line.  In  the  diagram,  the  main  line  is  solid 
black;  the  artificial  line  is  dotted.  With  like  poles  of  equal 
strength  to  the  main  line  there  is  no  current  on  the  solid  black 
line.  Under  these  conditions  on  the  artificial  (dotted)  line  a  cur- 
rent sets  in  from  the  ground  through  the  rheostat,  along  the  dotted 
line,  through  the  pole  changer  to  the  zinc  ( — )  of  the  dynamo  in 
accordance  with  the  law  just  stated.  In  the  Pittsburg  relay  it 
forms  first  an  K  magnetic  pole  on  the  end  of  the  core  at  M;  then 
an  S  pole  at  O.  If  we  enclose  an  N  thus  N  to  represent  the 
polarity  of  the  Pittsburg  armature,  the  magnetic  conditions  may 

71 

be    graphically  represented:    N  closing  the  relay  in  accordance 

s  ■ 
with  the  law  that  like  poles  repel,  unlike  poles  attract  each  other. 
Similarly,  at  the  Fort  Wayne  end,  by  means  of  a  current  from  the 
ground  to  the  zinc  of  the  battery  the    magnetic  conditions  are: 
s 

S  also  closing  the  relay. 

—  »  • 

Coinhination  2  shows  Pittsburg  +,  Fort  Wayne  —  to  line; 
current  direction  on  the  main  line  is  from  Pittsburg  to  Fort 
Wayne.  On  Pittsburg  artificial  (dotted)  line,  current  is  from  + 
to  ground  through  the  rheostat;  on  Fort  Wayne  artificial  line  it  is 
from  ground  through  the  rheostat  to  —  of  the  battery,  the  same 
as  in  combination  1.  But  the  current  on  the  main  line  is  twice 
that  on  either  of  the  artificial  lines;  because  in  the  former  case 
the  current  is  from  +  to  — ,  while  in  the  latter  case  it  is  from  + 
to  ground  at  one  terminal  and  from  ground  to   —  at  the  other. 
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The  magnetic  poles  induced  in  the  cores  by  the  current  on  the  main 
line  are  therefore  twice  as  strong  as  those  induced  in  the  cores  by 
the  current  on  the  artificial  line.  If  we  represent  the  magnetism 
induced  by  the  main  line  current  by  a  capital,  and  that  induced 
by  the  artificial  line  current  by  a  small  letter,  and  indicate  the 
polarity  of   the  armature  as    before,  the  magnetic  conditions  in 

the  Pittsburg  relay  may  be  typographically  represented  thus:  N 

the  stronger  poles  closing  the   relay;   in  the  Fort  Wayne    relay 

S  the  stronger  poles  opening  the  relay. 
Sn 

ComMnatio7i  3.  Pittsburg  —  to  line;  Fort  Wayne  +  to 
line.  Current  in  opposite  direction  to  that  in  combination  2;  but 
on  main  line  twice  as  strong  as  on  either  artificial  line;  in  the 

Sri 
Pittsburg   relay  the   conditions  are  N    opening  it;   in  the  Fort 

Sn_ 
Wayne  relay  S  closing  it. 

Co7nbination  4.  -\-  to  the  main  line  at  each  end;  no  current 
on  the  main  line;  relays  actuated  as  in  combination  1  by  current 

in  artificial  line;  in  Pittsburg  relay  N  opening  it;  in  Fort  Wayne 

n 
n 
relay  "8^  also  opening  it.     The  Fort  Wayne  relay  might  have  an  N 

s 
armature  the,  same  as  Pittsburg,  but  it  was  purposely  made  differ- 
ent to  afford  exercise  in  tracing  out  the  effect  of  the  current. 

The  student  should  now  be  master  of  at  least  the  theory  of 
the  two  forms  of  the  duplex — the  original  Stearns  and  the  later 
and  more  perfect  polar.  The  former  came  into  general  use  in 
1872,  the  latter  about  1880.  In  making  comparison  between  the 
two  it  can  be  seen  that  the  superiority  of  the  polar  duplex  lies  in  the 
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relay  whose  action  is  determined,  not,  as  in  the  Stearns,  by  a  cur- 
rent attracting  the  armature  in  one  direction  and  a  spring  drawing 
it  in  the  other,  but  by  a  current  directing  its  movement  first  to 
the  front  then  to  the  back  stop.  This  makes  the  polar  duplex 
almost  independent  of  weather  conditions.  The  occasions  are  rare, 
the  relay  being  so  sensitive,  when  sufficient  current  does  not  get 
past  the  escape  to  record  the  signals.  The  resistance  of  450  or 
500  miles  of  No.  6  gauge  iron  wire  is,  in  dry  weather,  about  5,000 
ohms;  in  damp  or  rainy  weather  this  is  often  reduced  to  two-thirds, 
or  even  one-half.  This  is  a  good  point  to  remember  in  adjusting 
the  rheostat  to  get  into  communication  initially  with  a  distant 
station  before  the  correct  balance  is  taken.  Less  condenser,  also, 
is  needed  in  moist  weather  than  in  dry,  because  a  part,  sometimes 
nearly  all,  of  the  static  charge  escapes  into  the  moist  air. 

With  a  clear  wire  and  apparatus  in  good  condition,  the  polar 
duplex  is  a  well-nigh  perfect  instrument  capable  of  a  speed,  when 
working  the  Morse  system,  equal  to  that  of  the  fastest  typewriter; 
and  when  operated  by  the  Wheatstone  Automatic  system  it  has 
attained  a  speed  of  250  words  a  minute  each  way — nearly  ten 
times  as  fast  as  the  ordinary  speed  by  hand. 

THE  QUADRUPLEX. 

The  quadruplex — among  telegraphers  known  always  as  the 
quad — permits  the  exchange  of  four  messages  at  the  same  time; 
two  in  each  direction.  In  the  diagram.  Fig.  28,  presenting  the 
theory  of  the  quad,  there  is  much  that  will  seem  familiar  to  the 
student;  the  text  has  been  so  arranged  and  the  drawings  so  made 
as  to  give  the  impression  of  previous  acquaintance.  The  neutral 
relays  are  a  reproduction  of  the  instruments  made  prominent  in  the 
Stearns  duplex;  the  polar  relays  are  those  which  we  have  just  studied 
in  the  polar  duplex.  The  rheostats — the  same  in  principle  as  those 
already  shown — are  represented  by  a  simple  coil ;  and,  shunting  each, 
is  the  now  familiar  condenser,  H  and  J,  each  with  its  retardation 
coil  Re.  The  batteries  and  pole  changers  are  a  reproduction  of 
those  shown  in  connection  with  the  polar  duplex. 

At  the  left  hand,  or  Pittsburg,  end  the  dynamo  switch  has 
been  omitted  for  the  sake  of  simplicity;  everything,  in  fact,  has 
been  left  out  except  the  parts  "needed  to  illustrate  the  fundamental 
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principles  on  wliicli  the  quad  is  arranged.  The  details  which 
make  the  quad  appear  so  complicated  can  be  filled  in  later.  In 
the  diagram  the  one  new  feature  is  the  introduction  at  each  end  of 


a  transmitter  in  combination  with  the  pole  changer;  at  the  Pitts- 
burg end  it  is  between  the  pole  changer  and  the  split;  at  the  Fort 
Wayne  end  between  the  battery  and  the  pole  changer. 
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We  liave  seen  that  it  is  the  function  of  the  pole  clianger  to 
alter  the  (Vrrect'ion  of  the  current;  it  is  the  function  of  a  trans- 
mitter, like  those  shown  in  Fig.  28,  to  alter  the  Hrengt/i  of  the 
current  within  certain  well-defined  limits.  Now  the  pole  changers 
are  evidently  in  position  for  the  purpose  of  operating  the  polar 
relays;  the  transmitters  can  therefore  be  in  place  only  to  operate 
the  neutral  relays.  The  instruments  heretofore  designated  as  polar 
and  neutral  are  also  called  polar  and  common;  the  sides  on  which 
they  are  worked  are  sometimes  called  by  the  numbers  1  and  2,  and 
sometimes  by  the  letters  A  and  B.  • 

From  what  has  been  said,  the  student  may  already  have  in- 
ferred that  a  neutral  relay  is  one  operated  by  the  strength  of  the 
current  without  reference  to  its  direction;  he  knows  that  a  polar 
relay  is  operated  by  the  direction  of  the  current  without  reference, 
within  reasonable  limits,  to  its  strength;  and  in  the  comJnnation 
of  these  two  j9/*m^?J9?6«  lies  the  theory  of  the  quad,  as  it  is  com- 
monly known.  There  are  other  forms  of  the  quad;  but  our  present 
business  is  with  the  one  still  in  general  use. 

The  student  is  now  asked  to  recall  and  review  an  experiment 
made  in  connection  wMth  the  Stearns  duplex,  and  intended  for 
introduction  at  this  point.  It  w^as  made  clear  that,  by  the  simple 
expedient  of  "turning  up"  on  the  relay  spring,  the  Stearns  duplex 
could  be  operated  even  when  a  weak  current  remained  continu- 
ously on  the  main  line;  or,  as  it  was  expressed  in  a  former  para- 
graph, "If,  for  any  reason,  we  desired  to  maintain  a  weak  current 
on  the  line,  we  could  use  therefor  a  portion  of  the.  battery  and 
counteract  the  effects  of  the  weak  portion  by  giving  the  spring 
sufficient  tension  to  overcome  the  magnetism  induced  by  it." 
The  need  has  now  arisen  for  maintaining  at  least  a  portion  of 
the  current  continuously  on  the  line;  .and  the  reason  for  it  is 
that  changes  in  the  direction  of  a  comparatively  weak  current 
will  operate  a  polar  relay  as  readily  as  the  reversals  of  a  current 
three  or  four  times  as  strong.  The  neutral  relay  can  be  made 
unresponsive  to  the  weak  current,  but  responsive  to  a  strong  cur- 
rent without  reference  to  its  direction;  in  other  words,  the  quad- 
ruple is  merely  a  combination  of  the  Stearns  duplex,  in  a  form 
modified  as  shown  in  the  text,  with  the  polar  duplex.  It  re- 
mains only  to  explain  some  details  of  the  combination. 
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The  operation  of  the  pole  changer  at  the  right,  or  Fort  Wayne, 
end  is  identical  with  that  described  in  connection  with  the  polar 
duplex;  but  it  will  be  noticed  that  the  battery  and  transmitter 
connections  are  such  that  it  depends  on  the  opening  and  closing 
of  the  transmitter  whether  a  third  or  the  whole  of  the  current 
is  admitted  to  the  reversing  process.  If  the  transmitter  is  open, 
as  shown  in  the  diagram,  that  portion  of  the  battery  between  the 
two  coils — nearly  two- thirds  of  the  whole— is  "dead";  the  other 
third  (called  the  short  end)  is  admitted  to  the  pole  changer  through 
the  lever  and  tongue  of  the  transmitter.  In  the  diagram  the  Fort 
Way^ne  pole  changer  is  open ;  through  the  tap  wire  the  copper  of 
the  "short  end"  is  to  the  main  line,  and  zinc  to  the  ground.  This 
position  of  the  Fort  Wayne  pole  changer  opens  the  Pittsburg  polar 
relay;  the  Pittsburg  neutral  relay  too  is  open,  because  the  short  end 
only  of  the  Fort  Wayne  battery  is  to  the  line  and  the  spring  of  the 
relay  is  "  turned  up  "  above  it.  Close  the  Fort  Wayne  pole  changer; 
now,  at  Fort  Wayne,  zinc  is  to  the  line,  and  short  end  copper  to 
the  ground;  the  Pittsburg  polar  relay  closes  in  accordance  with  a 
change  in  the  direction  of  the  current;  but  the  Pittsburg  neutral 
relay  remains  open,  and  will  not  close  until  the  Fort  Wayne  trans- 
mitter closes  and  admits  the  entire  battery  to  the  rrain  line.  In 
closing  the  transmitter  the  tongue  breaks  its  connection  svith  the 
lever  and  makes  connection  with  the  left-hand  post  so  that  the 
whole  battery  goes  to  the  line. 

The  placing  of  the  tap  wire,  as  shown  in  the  drawing,  effects 
what  is  called  the  proportioning  of  the  current;  the  proportion  is 
usually  3  to  1,  but  can  be  made  4  to  1;  that  is,  the  transmitter, 
when  closed,  admits  four  times  as  much  current  to  the  line  as 
when  open. 

At  the  Pittsburg  end,  the  dynamo  current  requires  a  different 
arrangement  in  order  to  proportion  it;  but  the  effect  is  precisely 
the  same.  When  the  transmitter  is  open,  one  third  of  the  battery 
goes  to  the  line;  two  thirds  escapes  through  a  "leak"  to  the  ground; 
when  the  transmitter  is  closed,  as  shown  in  the  diagram,  the  entire 
current  goes  to  the  line.  The  Pittsburg  pole  changer  is  closed,  send- 
ing zinc  to  the  line;  the  effect  of  this,  in  connection  with  the  Fort 
Wayne  short  end  copper  to  the  line,  is  to  set  up  a  current  Fort 
Wayne  to  Pittsburg.    In  the  Fort  Wayne  relay  there  is  induced  in 
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the  upper  core  S  polarity;  in  the  lower  N ;  the  effect  of  these  on  the 
S  armature  is  to  close  it;  the  effect  of  the  transmitter  closed  at 
Pittsburg  is  to  close  the  Fort  Wayne  neutral  relay.  The  number  of 
phases  or  combinations  possible  to  the  eight  instruments  (four  at 
each  end)  of  the  quad  is  sixteen;  and  one  of  these  has  been  traced 
out  with  the  results  described.  The  general  result  in  every  case 
is  that  the  Fort  Wayne  neutral  relay  obeys  the  Pittsburg  trans- 
mitter; the  Fort  Wayne  polar  relay  obeys  the  Pittsburg  pole 
changer,  and  vice  versa. 

How  to  Balance.  The  operation  of  balancing  the  quad  is  the 
same  as  that  followed  in  connection  with  the  polar  duplex,  except 
that  the  static  is  eliminated  by  watching  its  effect  on  the  neutral 
relay  instead  of  the  polar.  Approximate  the  resistance  in  the  rhe- 
ostat to  that  of  the  main  line:  Pittsburg  then  asks  Fort  Wayne  for 
his  ground,  and  goes  on  the  ground  himself.  Center  the  relay  so 
that  the  armature  remains  on  the  front  or  back  stop  as  placed;  or 
vibrates  freely  under  the  influence  of  slight  extraneous  currents. 
Turn  on  the  home,  or  Pittsburg,  battery  and  adjust  the  rheostat  until 
the  polar  relay  vibrates  freely  as  before.  Now  wedge  the  sounder  of 
the  polar  relay  in  order  to  silence  it  temporarily.  Turn  down  on  the 
spring  of  the  neutral  relay;  close  the  transmitter  and  dot  slowly  on 
the  pole  changer.  Commonly  a  kick  will  be  felt  on  the  neutral  relay 
which  can  be  removed  by  adjusting  the  plugs  on  the  condensers; 
turn  down  further  on  the  spring  and  readjust  the  condensers;  turn 
down  still  more  if  necessary  and  readjust  the  plugs  until  all  trace 
of  the  kick  is  removed.  Now  restore  the  spring  to  its  normal  pull, 
and  ask  Fort  Wayne  to  cut  in.  Ask  him  to  write  on  the  common, 
or  No.  2,  side  and  dot  on  the  polar  side.  Pittsburg  does  the  same, 
and,  if  his  balance  is  correct,  the  signals  from  Fort  Wayne  on  each 
side  of  the  quad  will  be  clear-cut  and  readable.  Pittsburg  now 
grounds  for  Fort  Wayne,  who  goes  through  the  same  routine,  and 
tests  the  result  in  the  same  way.  This  done,  the  quad  is  ready  for 
service  and  is  capable  during  a  day  of  9|  hours  of  carrying  300 
messages  each  way  on  the  polar  side,  and  250  each  way  on  the 
common  side. 

The  slower  work  on  the  No.  2  side  has  its  source  in  a  defect 
in  the  quad  which  has  never  been  entirely  overcome.  In  the 
operation  of  the  pole  changer,  even  of  the  clock-face  kind,  when 
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the  direction  of  the  current  is  clianged  it  is  plain  there  must  be  a 
very  brief  moment  of  time  when  there  is  no  current  on  the  line;  at 
such  moments  there  is  a  tendency  on  the  part  of  the  armature  of 
the  neutral  relay  to  fall  away  from  the  magnets.  If  the  local  con- 
tact were  on  the  front  stop  this  would  record  a  false  signal;  and 
the  greater  the  length  of  the  wire  worked  in  the  quad  the  more 
apparent  is  the  interval. 

On  all  long-distance  quads,  with  a  view  to  eliminate  the  false 
signal,  there  is  interposed  (see  Fig.  29)  between  the  relay  and  the 
recording  sounder,  what  is  called  a  repeating  sounder;  the  device, 
however,  is  not  an  entire  success,  and  the  signals  on  the  common 
side  lack  firmness  to  an  extent  which  affects  the  speed. 

•  Troubles  of  the  Quad.  It  is  usual  in  text  books  dealing  with 
this  subject  to  devote  considerable  space  to  the  troubles  of  the 
quad.  An  expert  quad  man  is  not  he  who  sets  up  quadruplexes — 
that  is  generally  done  by  the  office  lineman — it  is  one  who  keeps 
the  quad  in  working  shape,  and  w^ho,  when  any  stoppage  or  defect 
arises,  can  locate  the  trouble  and  remove  it.  In  the  language  of 
the  craft,  a  defect  in  the  set  is  called  a  "bug";  and  those  who 
deal  with  them  are  known  as  "bug  hunters."  It  would  be  possible 
to  fill  a  book  the  size  of  this  with  the  ailments  of  the  quad;  how  to 
locate  and  remedy  them;  the  reader  might  study  it  attentively, 
but  if  his  knowledge  of  the  principles  underlying  the  quad  arrange- 
ment was  hazy  he  might,  and  probably  would,  be  worsted  by  the 
very  first  trouble  he  met;  on  the  other  hand,  if  he  is  thoroughly 
versed,  as  it  has  been  the  aim  in  these  pages  to  make  him,  in  first 
principles,  each  experience  of  trouble  and  its  removal  will  prepare 
him  to  cope  with  the  one  that  next  presents  itself.  A  prime  quali- 
fication for  anyone  who  aspires  to  be  a  defect  hunter  is  a  persist- 
ence in.  the  search  which  never  flags  until  the  root  of  the  trouble 
has  been  found  and  removed. 

A  very  insidious  defect  in  a  quad,  because,  slight  at  first,  it 
may  gradually  grow  worse,  is  that  of  unevenness  in  the  coils,  pro- 
ducing what  is  called  a  "lop-sided"  relay.  It  is  well  to  make 
tests,  at  stated  times,  of  the  relay  coils  with  a  current  other  than 
that  of  the  quad.  It  need  hardly  be  said  that  the  batteries  for  the 
quad  must  be  kept  up  to  the  standard;  that  the  ground  wires  and 
their  resistance  coils,  which  are  a  part  of  the  circuit  when  a  bal- 
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ance  is  taken,  sliould  have  all  tlieir  connections  intact.  If,  when 
Pittsburg  took  a  balance.  Fort  "Wayne  gave  him  a  defective  ground, 
it  would  add  to  the  normal  resistance  of  the  line  the  resistance  of 
the  Fort  Wayne  rheostat,  and  making  a  working  balance  impos- 
sible by  the  ordinary  method.  It  is  not  an  uncommon  occurrence 
for  one  pole  of  the  battery  to  fail,  particularly  if  the  current  is 
furnished  by  a  dynamo.  If  Fort  Wayne  suspects  this  he  will  ask 
Pittsburg  to  open  his  key;  this  means,  in  other  words,  "give  me 
your  copper  current".  Fort  Wayne  writes  and  the  relay  does  not 
give  back  his  signals.  Then  he  asks  Pittsburg  to  close  his  key. 
Fort  Wayne  writes  and  finds  his  own  relay  following  the  key, 
which  it  should  not  do,  because,  when  the  battery  and  wire  are 
intact  and  the  line  balanced,  the  relays  do  not  respond  to  the  home 
key.  Fort  Wayne  then  tells  Pittsburg  the  result  of  the  test,  and 
that  his  zinc  pole  is  not  coming  to  line. 

Caution  is  once  more  enjoined  against  the  practice  of  allow- 
ing the  armature  of  the  pole  changer  or  transmitter  to  hit  upon 
the  magnets  or  come  in  contact  with  them. 

The  proper  way  to  make  a  test  of  a  quad  set  is,  of  course,  to 
put  an  ammeter  in  the  circuit  and  see  if  the  currents  are  going  out 
in  their  normal  proportions.  If  a  meter  is  not  available,  a  rough 
test  of  the  currents  can  be  made  by  using  the  polar  relay  for  a  gal- 
vanometer. Kemove  the  main  line  wire  from  the  binding  post  of 
the  polar  relay,  the  armature  of  which  is  supposed  to  be  centered. 
Close  both  keys  and  with  the  finger  feel  the  pull  of  the  armature; 
what  you  feel  is  the  attractive  force  of  the  entire  zinc  current. 
Open  the  pole  changer  and  see  how  the  pull  of  the  copper  current 
compares  with  that  of  the  zinc.  It  should  be  the  same.  Now 
open  the  transmitter,  and  the  weaker  pull  of  the  short  end  copper 
is  felt;  close  the  pole  changer  and  the  pull  of  the  short  end  zinc 
should  equal  that  of  the  copper.  By  this  process  the  short  and 
long  ends  of  each  pole,  through  the  coils  of  the  artificial  line,  have 
been  tested.  Remove  the  artificial  line  from  its  binding  post  and 
attach  it  to  the  main  line  post,  from  which  the  main  line  wire  has 
previously  been  removed,  and  a  test  can  be  made  of  the  currents 
through  the  main  line  coils  under  all  the  conditions  noted. 

In  the  hands  of  a  person  to  whom  experience  has  given  some 
nicety  of  muscular  sense,  this  method,  in  the  absence  of  a  meter, 
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gives  fairly  satisfactory  results.  In  an  office  where  two  quad  sets  are 
available,  and  occasional  cessation  in  their  use  gives  opportunity, 
the  following  plan  for  familiarizing  one's  self  with  the  quad  and 
its  troubles  is  suggested  by  an  expert.  Select  a  station  200  miles 
away  and  ask  him  to  "loop",  that  is  to  join  together,  two  wires 
which  you  name.  Connect  the  two  wires  to  adjacent  sets  in  your 
own  office.  Balance  them  as  though  they  were  distant  sets.  Now 
introduce  into  one  set  any  form  of  interference  or  disconnection 
that  would  be  likely  to  occur  in  practice,  and  observe  the  effect  on 
the  other  set;  experience  may  be  gained  in  this  way  that  would  aid 
in  the  location  of  trouble  when  it  occurs  in  practice. 

Duplex  Repeater.  In  wires  worked  on  the  duplex  or  ^]uadru- 
plex  system,  the  static  capacity  of  the  wire  places  a  limit  on  the 
number  of  straight  miles  a  circuit  can  be  worked.  But  the  dis- 
tance between  stations  can  be  greatly  extended  by  the  use  of 
repeaters  in  which,  by  a  perfectly  simple  arrangement  of  local 
circuits,  the  pole  changer  of  a  second  circuit  is  controlled  by  the 
relay  points  of  the  first,  and  vice  versa.  For  example,  in  the  text, 
a  duplex  Pittsburg  to  Fort  Wayne  was  described ;  call  it  the  first 
circuit.  For  a  second  circuit  suppose  Fort  Wayne  has  a  duplex  to 
Chicago,  and  that  Pittsburg  wishes  to  be  put  through  direct.  By 
means  of  switch-jacks  and  cords  provided  for  the  purpose,  Fort 
Wayne  makes  the  electromagnets  of  the  pole  changer  of  his 
northern  set  a  part  of  the  local  circuit  which  passes  through  the 
points  of  the  polar  relay  of  his  Pittsburg,  or  eastern,  set;  he  also 
makes  the  electromagnets  of  the  pole  changer  of  his  eastern  set  a 
part  of  the  local  circuit  which  passes  through  the  points  of  the 
polar  relay  of  his  northern  set;  Pittsburg  and  Chicago  can  then 
work  duplex.  The  longest  regular  circuit  in  the  United  States  is 
that  worked  between  New  York  and  San  Francisco  with  six  re- 
peaters; another  long  circuit  is  that  between  New  York  and  Heart's 
Content,  Newfoundland,  with  repeaters  at  Boston,  St.  John,  and 
North  Sydney.  In  a  few  seconds  these  two  circuits  could  be 
repeatered  at  New  York;  San  Francisco  and  Heart's  Content  could 
then  work  duplex  through  nine  repeaters — a  circuit  from  ocean  to 
ocean  where  the  continent  is  widest. 

The  Repeating  Sounder.  DnjAex  Loops.  Fig.  29  shows  the 
local  connections  of  the  common  side  of  a  quad  and  the  method  of 
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current  supply  which,  it  is  seen,  is  from  two  independent  sources. 
The  common  side  is  shown  preferably  because  it  exhibits,  in  place, 
the  repeating  sounder,  to  which  reference  was  made  in  a  preceding 
paragraj)h,  in  the  receiving,  or  relay,  side.  The  current  supply  is 
a  6-volt  dynamo,  from  one  pole  of  which  a  wire  extends  through  a 
fuse  to  the  armature  of  the  neutral  relay.  From  the  hacX\  not  the 
front,  stop  of  the  relay  it  passes  through  the  coils  of  the  repeating 
sounder,  through  another  fuse,  back  to  the  dynamo,  thus  complet- 
ing a  metallic  circuit.  When  the  neutral  relay  is  on  the  front  stop, 
the  repeating  sounder  is  open;  but  its  points,  between  the  lever  and 
the  up  stop,  are  closed,  permitting  the  23-volt  current  to  close  the 
other  sounder  from  which  the  signals  are  read.  When  the  neutral 
relay  points  open,  the  repeating  sounder  is  closed,  but  the  receiv- 
ing sounder  is  open;  the  reason  for  this  arrangement  has  already 
been  given  in  the  text  on  the  quad. 

The  regular  local  system  of  a  duplex,  or  one  side  of  a  quad- 
ruplex,  is  not  a  metallic  circuit;  it  is  a  grounded  system  supplied, 
as  the  drawing  shows,  by  a  23-volt  dynamo.  The  reason  for  the 
ground  arrangement  is  that  in  all  the  principal  offices  by  far  the 
greater  number  of  the  duplex  and  quadruplex  sets  are  fitted  up  so 
that  while  the  sets  themselves  are  in  the  main  office,  where  they 
can  receive  expert  attention,  they  can  be  operated  in  branch  offices, 
by  means  of  what  are  called  "loops",  or  "legs".  By  suitable 
switches  the  loops  can  be  cut  in  or  out  as  desired. 

The  current  from  the  23-volt  dynamo  runs  first  to  a  fuse  block 
(not  show^n) ;  thence  to  a  small  3-point  switch,  the  lever  of  which, 
if  turned  to  the  left,  connects  the  battery  with  the  set;  if  turned  to 
the  right  it  connects  the  set  with  the  ground.  The  latter  connec- 
tion is  made  in  "setting  up"  a  duplex  repeater.  With  the  lever 
to  the  left,  the  current  is  seen  in  the  drawing  to  divide  at  the  point 
S;  one  branch  can  be  traced  through  the  points  of  the  repeating 
sounder,  through  the  coils  of  the  receiving  sounder;  thence  (with 
the  lever  of  the  6-point  switch  to  the  right)  through  a  lamp  of 
about  96  ohms  resistance  to  the  ground.  The  other  branch  can  be 
traced  through  the  coils  of  the  transmitter;  through  two  keys; 
thence  (the  lever  of  the  6-point  switch  to  the  right)  through  a  lamp 
to  the  ground.  The  purpose  of  the  lamps  is  to  make  the  resistance 
in  the  circuits  the  same  in  either  position  of  the  levers  of  the  6- 
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point  switch.  Above  this  switch  are  the  connections  and  outfit  of 
a  branch  office  for  the  operation  of  a  duplex;  or,  what  is  known  as 
a  duplex  loop.  It  shows  one  wire  connecting  a  lamp  and  the  coils 
of  a  sounder  to  the  ground;  another  wire  connecting  a  lamp,  sounder 
and  key  to  the  ground  for  the  sending  side;  the  first  mentioned 
sounder  is  that  of  the  receiving  side.  To  cut  them  in,  turn  the 
levers  of  the  6-point  switch  to  the  left;  the  relay  then  operates  a 
receiving  sounder  in  both  main  and  branch  offices ;  the  branch  office 
can  operate  the  transmitter  and  work  duplex  with  another  city  or 
a  branch  office  therein  similarly  equipped.  The  word  "loop", 
though  commonly  used  in  this  connection,  is  a  misnomer.  In 
telegraphy,  loops  connect  an  outlying  office,  which  may  be  rods  or 
miles  away,  with  a  single  Morse  circuit.  To  do  this,  the  pair  of 
wires  leading  to  the  distant  relay,  which  makes  the  loop  properly 
so  called,  terminates  in  a  wedge  which  can  be  inserted  in  the  spring- 
jack  of  any  wire  in  the  main  switch.  In  the  duplex  arrangement 
the  wires  operating  the  branch  instruments  are  merely  extensions 
of  the  sending  and  receiving  sides  of  the  local  system. 

There  are  many  matters  of  detail  in  connection  with  the  setting-up 
and  operation  of  a  quad  which  do  not  properly  fall  within  the  scope  of 
this  work.  For  special  works  on  the  duplex  and  quadruplex  the  reader  is 
referred  to  Thorn  and  Jones'  Telegraphic  Connections ;  to  Jones'  Pocket 
Edition  of  Diagrams  ;  and  to  Maver's  American  Telegraphy:  Its  Systems 
and  Operation. 

THE  PHONOPLEX. 

Among  contrivances  for  increasing  telegraphic  facilities  a 
worthy  place  is  occu])ied  by  the  device  known  as  the  Phonoplex— 
an  invention  of  Mr.  Thomas  A.  Edison.  In  its  mode  of  operation 
it  will  be  found  to  differ  materially  from  anything  heretofore  pre- 
sented; its  essential  feature  being  the  superposition,  without 
noticeable  interference,  of  the  high-tension  impulses  of  a  magnetic 
coil  upon  the  current  or  currents  of  the  Morse  system.  Even  when 
all  the  wires  on  the  route  are  crossed  or  grounded,  not  excepting 
the  one  upon  which  the  phonoplex  is  working,  it  admits  of  service- 
able operation. 

It  can  be  worked  in  connection  with  the  duplex  and  quadru- 
plex systems;  but  its  usefulness  is  greatest  as  an  adjunct  to  th^ 
single-line  service  of  the  railways,  providing,  in  a  spher^  wher^ 
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the  number  of  wires  is  usually  limited,  an  extra  circuit  which  is 
at  all  times  available.  The  apparatus  is  adapted  for  use  between 
intermediate,  as  well  as  between  terminal,  points;  but  the  diagram 
(Fig.  30)  presents,  and  the  text  describes,  the  arrangement  of  a 
terminal  station  where  the  single  wire  takes  its  battery.     As  it 
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embodies  some  new  features,  the  details  require  more  than  usual 
length  in  their  description.  Keferring  now  to  the  diagram — on 
the  right  is  seen  the  spring- jack  of  a  terminal  switch,  showing 
main  battery  and  line  connections.  Two  wedges  are  inserted  in 
the  jack;  one  carries  the  conductors  to  the  phonoplex;  the  other 
cuts  in  a  main -line  key  and  relay  which  are  bridged  by  condens- 
ers; the  bridging  arrangement  obtains  also  at  every  intermediate 
station.  This  use  of  condensers  makes  feasible  the  operation  of  the 
phonoplex  in  the  presence  of  crossed  and  grounded  wires — a  feature 
to  which  reference  has  already  been  made. 

The  phonoplex  requires  for  its  operation,  two  batteries — one. 
B,  of  at  least  five  2-volt  cells,  and  one,  L«9,  of  three  cells;  a  key 
and  transmitter,  each  of  peculiar,  construction;  a  small  rheostat 
containing  five  coils  of  two  ohms  each;  a  simple  magnetic  coil, 
bridged  by  a  condenser  of  small  capacity,  to  quicken  the  impulses 
sent  out  from  the  coil;  an  ordinary  Morse  relay  and  condenser; 
and,  lastly,  the  characteristic  phonoplex  instrument  itself,  marked 
P  in  the  diagram.  The  latter  consists  of  a  circular  wood  base 
supporting  an  upright  cylinder  containing  an  elongated  horseshoe 
magnet,  upon  each  pole  of  which  is  wound  a  small  coil  of  insulated 
copper  wire.  Above  the  poles,  and  covering  them,  is  a  metallic 
diaphragm  like  that  used  in  the  telephone.  A  split  steel  ring  R 
rests  upon  this  diaphragm,  or  moves  freely  upon  a  threaded  verti- 
cal pin  N,  at  the  top  of  which  is  placed  an  adjustable  nut.  Each 
agitation  of  the  diaphragm  causes  the  steel  ring  to  be  thrown  up 
against  the  nut,  producing  an  excellent  imitation  of  the  well-known 
"  click  "  of  the  sounder.  Between  magnetic  coil  M  and  the  main 
battery  is  an  or'dinary  150-ohm  Morse  relay  C  H,  which  acts  as  a 
choke-coil;  to  it  is  tapped  a  condenser  C,  and  a  ground.  RA  is  a 
small  adjustable  resistance  box  containing  five  coils  of  about" 2 
ohms  each.  This  resistance  is  introduced  into  one  of  the  circuits 
bridging  the  magnetic  coil,  in  order  to  weaken  the  current  so  that 
one  stroke  of  the  phone  recorder  may  be  distinguished  from  the 
other;  otherwise  the  "back-stroke"  effect  would  ensue,  and  the 
signals  would  not  be  readable.  Of  the  wires  bridging  the  magnetic 
coil  two,  on  the  left-hand  side,  terminate  in  springs  between  which 
moves  the  hammer-headed  lever  of  the  transmitter  operated  in  the 
asual  manner  by  means  of  local  battery  L6>,  and  key  K.     The  lower 
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end  of  the  hammer-head  also  has  an  attachment  which  acts  on 
spring  z  for  a  purpose  which  will  be  explained  later. 

It  is  difficult  to  represent  in  a  diagram  the  insulated  portions 
of  key  K;  in  order  to  understand  its  working  a  detailed  description 
is  necessary.  The  key  and  its  attachments  control  two  independ- 
ent circuits.  The  ordinary  circuit-closing  switch  is  absent;  the 
local  circuit  (dotted)  is  always  ''open  "  except  when  signals  are 
being  sent.  One  conductor  of  the  local  circuit  makes  connection 
with  the  anvil  post  W  which  is  insulated  from  the  base,  and  is 
fixed  underneath  the  lever.  To  the  further  end  of  the  lever  is  at- 
tached the  other  end  of  the  local  circuit  conductor,  so  that  when 
the  key  is  depressed,  the  transmitter  is  closed.  To  the  near  end 
of  the  base  of  the  key  is  connected  a  wire  leading  to  the  lever  of 
the  transmitter  T.  Attached  to  the  base  by  means  of  a  screw, 
which  serves  also  as  a  pivot,  is  a  curved  arm  A,  at  the  pivoted 
end  of  which  is  a  curved  spur  s  reaching  across-  the  base  of  the 
key.  At  2  and  9  are  small  spurred  thumbscrews  attached  to,  but 
insulated  from  the  base;  so  that,  in  the  position  shown  in  the  dia- 
gram, the  arm  A  puts  2  in  contact  with  the  base;  but  if  the  arm 
is  withdrawn  from  2  a  sufficient  distance  then  9  makes  contact 
with  the  base  through  the  spur  s. 

To  understand  the  working  of  the  apparatus  it  must  be  borne 
in  mind  that  the  transmitter,  unlike  that  of  the  Stearns  duplex, 
produces  the  effects  of  dots  and  dashes  by  the  "breaks",  and  not 
by  contacts.  In  the  diagram,  the  lever  of  key  K,  and  that  of  trans- 
mitter T  are  open ;  the  current  from  B  flows  from  -f  to  2,  through 
the  base  of  K  and  the  lever  of  T,  through  spring  x  and  the  coil  M, 
to  -  of  battery  MB,  thereby  charging  the  coil  with  the  full  strength 
of  B.  The  act  of  depressing  the  key  lever  breaks  the  contact  at  x^ 
conl  M  discharges,  and  a  loud  "snap"  is  heard  in  the  distant 
phone  or  phones.  "When  the  lever  T  strikes  the  upper  spring  //, 
the  current  flows  through  y  instead  of  a?,  thence  through  resistance 
R/*,  charging  coil  ]M^les8  strongly  than  before;  so  that,  when  the 
upward  movement,  or  opening,  of  the  key  breaks  the  contact  at  y, 
a  less  pronounced  snap  is  heard  on  the  distant  phone;  thus  obviat- 
ing, as  already  stated,  the  effect  of  the  "back-stroke". 

It  will  be  noticed  that,  during  this  sending  operation,  the 
curved  arm  is  to  the  right,  which  is  the  position  of  an  ordinary 
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key  when  an  operator  is  sending.  When  he  begins  to  receive  on 
the  phone,  he  moves  the  curved  arm  to  the  left,  which  movement 
corresponds  to  the  "closing"  of  an  ordinary  key;  but  in  this  case 
the  movement  simply  disconnects  the  battery  B  from  the  trans- 
mitter, and  the  spur  s  makes  connection  between  9  and  the  base, 
shunting  the  magnetic  coil,  so  that  the  phone  may  be  affected  by  the 
maximum  of  charge  and  discharge  from  the  distant  magnetic  coil. 
One  feature  remains  to  be  described.  Leading  from  the  ter- 
minals of  the  phone  may  be  noticed  a  shunt  circuit  (in  dots  and 
dashes)  terminating  in  spring  3  and  a  contact  point  above.  The 
position  of  spring  z  is  such  that  when  the  transmitter  is  open  and 
its  lever  in  a  downward  position,  the  shunt  circuit  is  open ;  but 
when  the  hammer  end  of  lever  T  is  raised,  and  so  long  as  it  remains 
so,  the  phone  is  shunted.  This  automatic  shunting  of  the  phone 
during  the  time  when  the  lever  is  "breaking"  the  charging  cur- 
rents  of  the  coil,  obviates  annoyance  from  the  discharges  of  magnetic 
coil  M  to  the  operator  who  is  sending  in  proximity  to  the  home 
phone. 
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HISTORY. 


The  practice  of  signaling  through  space  may  be  traced  back 
through  the  ages  to  the  beginning  of  the  history  of  mankind,  for 
the  earliest  records  indicate  that  the  survival  of  the  fittest  sent 
powerful  sounds  from  his  lips  through  the  air,  and  that  for  longer 
distances  he  employed  fire  to  propagate  light  waves  through  the 
subtler  medium  of  the  ether. 

As  civilization  advanced,  the  necessity  of  transmitting  intelli- 
gence to  a  longer  distance  and  with  a  broader  interpretation,  led 
to  the  introduction  of  many  forms  of  intercommunication,  made 
possible  by  the  invention  of  writing  and  the  use  of  semaphores,  but 
these  were  not  without  their  special  limitations  since  the  former  con- 
sumed time  in  transportation  and  the  latter  could  be  operated  only 
where  a  direct  visual  line  between  the  sender  and  receiver  was 
possible. 

With  the  advent  of  experimental  electricity  and  the  knowledge 
of  its  properties  for  traversing  long  lengths  of  wire  with  practically 
the  speed  of  light,  came  the  burning  desire  to  utilize  it  for  the 
transmission  of  messages,  but  we  need  not  here  dwell  upon  the 
remarkable  events  that  gave  us  the  electric  telegraph,  the  sub- 
marine cable  and  the  speaking  telephone,  for  these  do  not  form  a 
part  of  the  subject  herein  treated;  but  instead  we  shall  follow  the 
evolution  of  that  allied  and  newer  branch  of  the  art  called  wireless 
telegraphy. 

For  at  least  a  century  before  an  electric  impulse,  representing 
a  signal,  had  actually  been  transmitted  and  received  without  inter- 
vening and  connecting  wires  coupling  the  two  opposite  but  com- 
plementary instruments,  .the  subject  was  a  favorite  one  with  the 
physicist,  and  it  is  not  unlikely  that  the  ancient  Greeks  who  wit- 
nessed Thale's  experiment  of  transferring  energy  from  electrified 
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amber  to  neutral  paper,  dreamed  of  the  bridging  of  greater  dis- 
tances by  the  same  mysterious  influence. 

The  first  recorded  instance,  however,  in  which  a  definite 
scheme  was  proposed  having  for  its  object  the  telegraphing  without 
wires  by  electricity,  was  that  given  by  Silva,  a  Spanish  physicist, 
who  read  a  paper  "  On  the  Application  of  Electricity  to  Telegraphy" 
})efore  the  Academy  of  Sciences  on  Dec.  16,  1795,  at  Barcelona. 
In  this  prophetic  memoir,  he  advocated  that  a  given  area  of  earth 
be  positively  electrified  at  Mellorca  and  that  a  similar  area  of 
earth  be  charged  to  the  opposite  sign  at  Alicante;  the  sea  connect- 
ing these  two  cities  would  then  act  as  a  conductor  when  the  electric 
difference  of  potential  would  be  restored,  and  by  a  proper  translat- 
ing device  the  transfer  of  energy  could  be  indicated. 

Conductivity  Method.  The  first  experiment  resulting  in  the 
successful  transmission  of  electricity  between  two  points  without 

an  artificial  connection  may  be  as- 

*_V~~>. ^,  cribed  with  considerable  certainty, 

':rrX^^--:;^0\  \  to  Steinheil  of  Bavaria,  who  made 

.'''''^^w^C\  \  \  \  Ju the  important  discovery  that   th'e 

-^/  ''  '\^  \\^  \  «  \  \  I  earth  could  be  utilized  in  place  of 

'  '  '         '        the  usual   return   conductor  of  a 
wire  telegraph  line.     After  ascer- 
taining the  fact  that  current  trav- 
ersing   such    a   circuit    flowed    in 
^S.zl^^~7S^^\,''/  innumerable  curved  lines  between 

--''      ^^---'  the  terminals  of  the  line  wire  em - 

Fig.  1.  Conductivity  Method.  l)edded  in  the  earth,  Steinheil  then 

found  that  by  placing  a  similar  pair 
of  earth  plates,  3,  3!  and  4,  4',  likewise  connected  together  and 
having  a  galvanometer  5  interposed  in  the  circuit,  parallel  with 
the  first,  which  included  a  battery  and  a  key  2,  as  shown  in 
Fig.  1,  there  was  a  sufticient  dispersion  or  leakage  of  the  current 
from  the  -one  to  affect  the  other  to  the  extent  of  deflecting  the 
needle  of  the  galvanjometer.  The  dotted  lines  represent  currents 
in  the  earth. 

These  pioneer  experiments  were  made  in  1838,  the  discoverer 
having  proven  it  possible  to  obtain  calculations  at  a  distance  of  at 
least  50  feet,  this  forming  the  basis  of  what  is  now  known  as  the 
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dispersion  or  condiictivity  method  of  wireless  telegraphy.  This 
mode  of  transmission  has  been  thoroughly  tested  by  many  investi- 
gators since  its  inception  until  1892  when  Preece,  of  England, 
obtained  results  from  Lavernoch  Point  to  Steepholm  in  the  Bristol 
Channel,  a  distance  of  nearly  live  and  a  half  miles. 

The  invention  of  the  telephone  receiver  by  Bell  opened  fresh 
fields  in  the  realm  of  signaling  through  space,  owing  to  its  extraor- 
dinary sensitiveness;  and  by  means  of  this  remarkable  instrument 
an  effort  was  made  to  determine  the  inductive  effects  of  telephone 
circuits.  This  was  attempted  in  1877,  by  Saches,  of  Austria,  who 
arranged  two  parallel  circuits,  each  forming  a  loop  120  meters  in 
length  with  a  distance  of  20  meters  separating  them.  A  current 
from  three  cells  was  employed  for  exciting  the  first  circuit,  and 
this  was  found  ample  to  produce  distinctly  audible  signals  in  the 
telephone  receiver. 

Inductivity  Method.  Following  these  researches,  Trowbridge, 
of  Boston,  carried  on  a  large  number 

of   experiments   in  electromagnetic  ^  ^ 

induction,  the  arrangement  of  which  3V''^^^Jv::::--.r>>^/^^^"^ 
is  illustrated   in    Fig.    2.     In   this      7  s'y/;^:{:'i::^"£,^Vv/\v^  ] 

method,  two  coils  of  wire  3  and  4,       I  \V>V^^:~^^^  ) 

formed  of  many  turns,  are  placed  in         ^Yif-^Jri.v^'-''    ^^ ^ 

parallel,  or  in  a  plane  with  each  other;  rig.  2.  mducuvity  Method. 

ti  battery  and  key  2  are  connected 

in  series  with  one  coil  and  a  telephone  receiver  5  in  the  comple- 
mentary loop  of  wire.  When  the  coils  are  adjusted  several  yards 
apart,  the  "make  and  break  "  of  the  sending  circuit  by  the  key 
causes  the  electric  energy  to  be  transformed  into  curved  magnetic 
lines  which  thread  through  the  receiving  coil  producing  in  the 
latter  an  electromotive  force  proportional  to  the  rate  at  which  they 
link  with  it.  Trowbridge  believed  that  this  inductive  method,  as 
it  is  terhied,  could  be  made  to  operate  effectively  between  vessels 
separated  by  a  distance  of  at  least  a  mile. 

Electrostatic  Method.  A  curious  coincidence  is  now  pre- 
sented in  the  electrostatic  method  evolved  (patented  and  experi- 
mented with  by  Dolbear,  of  Boston,  in  1886)  since  it  is  an  almost 
exact  counterpart  of  that  proposed  by  Silva  in  1795,  for  the  appa- 
ratus of  the  former  is  designed  to  fulfill  the  precise   functions 
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required  by  the  hypothesis  of  the  latter,  that  is,  the  charging  of 
the  earth  at  the  sending  and  receiving  stations  to  opposite  signs. 
The  sending  instrument,  indicated  diagranimatically  in  Fig.  8, 
consisted  of  a  small  induction  coil  3,  the  primary  winding  of  which 
was  connected  with  a  battery  1,  an  interrupter,  and  a  key  2,  while 
the  terminals  of  the  secondary  coil  were  connected  with  a  condenser 
4  and  the  earth  5,  respectively;  the  receiver  was  formed  of  a  con- 
denser 10,  one  side  being  connected  to  a  battery  9,  which  in  turn 
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Electrostatic  Method. 


Fig.  3. 

led  to  a  second  condenser  8,  thence  to  a  static  telephone  receiver  7, 
the  terminal  connecting  to  a  plate  6  in  the  earth.  Edison  followed 
with  a  somewhat  similar  arrangement  in  1891,  except  that  he  em- 
ployed aerial  wires  with  plates  of  metal  at  the  top,  which  served  as 
capacity  areas,  instead  of  the  condensers  described  above.  There  is 
no  authentic  record  of  the  performance  of  either  of  these  devices. 

Electric  Wave  Method.  All  the  methods  described  above 
have  their  especial  limitations,  and  these  are  so  tightly  drawn  that 
none  of  them  have  ever  approximated  a  utility  of  the  slightest 
commercial  importance;  work,  however,  continued  along  these 
lines,  but  during  the  past  fifty  years  an  entirely  new  method  has 
been  unfolding,  a  method  at  ohce  marvelous  in  conception,  beauti- 
ful in  theory,  perfect  in  formation,  and  startling  in  its  final  results; 
this  is  the  electromagnetic  wave  method. 

The  fundamental  principles  upon  which  this  method  is  based 
may  be  said  to  have  begun  in  1678  when  Huygens,  aDutch  niathe- 
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matician,  conceived  the  hypothesis  that  all  space  not  taken  up  by- 
gross  matter  was  filled  with  a  highly  attenuated  subtle  substance 
named  ether,  and  by  which  he  was  enabled  to  account  logically  for 
all  the  phenomena  of  light. 

Faraday,  in  1845,  not  only  believed  in  Huy gen's  luminiferous 
ether  but  demonstrated  by  experiment  that  electric  and  magnetic 
forces  w^ere  propagated  through  the  same  medium.  This  physical 
evidence  was  resolved  into  a  mighty  theoretical  system  by  Maxwell 
who  determined  mathematically  the  relations  between  all  the 
varied  phenomena  presented  by  these  different,  yet  allied,  sciences. 

The  last  link  in  the  chain  necessary  to  establish  absolutely 
these  great  fundamental  truths  w^as  supplied  by  Hertz,  of  Karlsruhe, 
Germany,  in  1888,  who  succeeded  in  producing  electromagnetic, 
or,  as  he  termed  them  simply,  electric  weaves,  which  follow^ed  every 
known  law  of  light,  such  as  rectilinear  propagation,  refraction, 
polarization,  etc.  The  electric  waves  discovered  by  Hertz  are,  of 
course,  much  longer  than  those  of  light,  and  being  much  too  long 
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Hertz's  Electromagnetic  Wave  Method. 
Fig.   4. 

to  affect  the  eye,  they  are  invisible;  every  know^n  test,  however, 
only  served  to  offer  additional  proof  that  the  Hertzian  waves  are 
transverse  vibrations  in  the  ether,  and  that  they  are  propagated 
ihrough  space  at  a  velocity  equal  to  that  of  light. 

The  apparatus  Hertz  employed  in  producing  and  receiving 
electric  waves  is  show^n  in  Fig.  4.     The  sending  apparatus  A  com- 
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prises  an  induction  coil  3  energized  by  a  battery  2,  and  operated  by 
a  key  1;  the  high-tension  terminals  are  connected  to  an  oscillator 
formed  of  two  brass  spheres  a,  a  attached  to  large  metal  sheets  h,  h 
))y  brass  rods;  this  is  the  arrangement  by  which  the  waves  were 
radiated.  The  spark-gap  is  shown  at  <L  The  receiver  B  is  simply 
a  loop  of  wire  with  the  free  ends  brought  nearly  together,  and  when 
tlie  waves  impinged  upon  it,  their  presence  was  indicated  by  the 
passage  of  minute  sparks  in  tlie  gap  formed  between  the  ends. 

Here  then  was  a  complete  apparatus  for  fuliilling  the  condi- 
tions of  signaling  through  space  without  wires;  but  many  improve- 
ments were  needed  before  an  efficient  system  could  be  produced 
capable  of  operating  on  a  commer- 
cial scale.      For  instance,  the  metal 
ring  receiver  of  Hertz  required  too 
much  energy  to  affect  it  at  any  great 
distance,  but  this  defect  was    over- 
come by  Branly,  of  Paris,  who  found, 
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Fig.  6.    Marconi's  Transmitter, 


in  1890,  that  metal  filings  enclosed  in  a  tube,  termed  by  him  a 
radio -conductor,  were  marvelously  sensitive  to  enfeebled  electric 
waves  impinging  upon  them.  In  1895,  PopofF,  of  Hussia,  com- 
bined with  a  coherer  1,  as  Branly's  detector  had  been  re-named, 
an  electric  bell,  the  hammer  7  of  which  also  served  as  a  tapper 
to  de-cohere  the  tilings,  a  sensitive  relay  6  and  a  local  battery  5, 
as  illustrated  in  Fig.  5;  one  terminal  of  the  coherer  was  connected 
to  a  rod  2  elevated  in  the  air  while  the  opposite  terminal  3  led  to  the 
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earth.  This  formed  a  self-acting  receiver,  but  was  used  by  him  in 
the  study  of  atmospheric  electricity.     The  spark-gap  is  shown  at  4. 

This  was  the  state  of  the  art  when  Marconi,  of  Italy,  in  1895 
began  his  experiments  with  a  view  to  long-distance  transmission. 
In  his  earlier  trials  in  Italy,  the  young  man  employed  the  induc- 
tion coil  and  oscillator  in  transmitting,  just  as  Hertz  did  before 
him,  but  later  he  ascertained  that  if  one  side  of  the  oscillator  was 
connected  to  a  wire  1  suspended  in  the  air,  and  the  opposite  side 
was  connected  to  the  earth  2,  as  in  Fig.  6,  the  energy  would  be 
radiated  in  the  form  of  electric  waves  to  much  greater  distances 
than  was  possible  with  the  simple  oscillator  designed  by  Hertz. 
The  receiver  used  by  Marconi  in  connection  with  his  transmitter 
was  very  like  that  of  Popoff  except  that  he  added  a  Morse  regis te:* 
and  adjusted  the  mechanism  to  imprint  the  received  impulses  in 
dots  and  dashes  in- accordance  with  the  signals  transmitted. 

The  results  attained  by  Marconi  bring  the  history  of  wireless 
telegraphy  to  the  time  of  its  commercial  adoption  in  1897.  Since 
then  there  has  been  a  multitude  of  workers,  all  of  whoijii  have  bent 
their  efforts  to  eliminating  its  defects,  and  these  men  and  their 
work  will  find  a  place  in  the  succeeding  pages  of  this  text. 

PRINCIPLES. 

Ether.  The  first  principles  upon  which  the  theoretical  struc- 
ture  of  wireless  telegraphy  is  based  are  identical  to  those  evolved 
by  Faraday  and  Maxwell  to  account  for  all  the  phenomena  of  light, 
since  in  either  case  the  waves  are  electromagnetic  in  character  and 
are  transverse  vibrations  in  and  of  the  ether. 

In  accepting  the  hypothesis  of  an  all-pervading  substance, 
termed  the  electromagnetic  medium,  it  is  neither  necessary  to 
know  its  essential  form  nor  its  composition,  for  just  as  sound  may 
be  sent  through  the  air  without  a  knowledge  of  its  constituent 
parts,  so  also  may  electric  waves  be  propagated  likewise  through 
the  ether.  But  if  the  laws  of  either  sound  or  electric  waves  are  to 
be  deduced  then  some  of  the  characteristics  of  the  medium  in  which 
they  are  set  up  and  through  which  they  travel  must  be  known,  and 
in  working  out  the  system  of  sequences  that  governs  the  action  of 
light,  mathematicians  come  to  conclude  that  ether  is  a  highly 
attenuated  substance,  that  it  possesses  elasticity  and  rigidity,  that 
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it  has  density  and  that  it  is  incompressible.  Thus  ir  will  be 
observed  that  ether  is  closely  related  to  electricity  yet  it  partakes 
of  some  of  the  properties  of  gross  matter,  and  while  Sir  Oliver 
Lodge  has  pointed  out  that  electricity  may  be  a  product  of  shearing 
the  ether,  J  J.  Thomson  has  done  much  to  indicate  that  corpuscular 
matter  is  of  etheric  origin. 

The  constants  of  the  ether  have  been  determined  empirically 
and  its  specific  inductive  capacity  is  taken  at  1  which  is  expressed 
symbolically  by  the  letter  K,  while  its  density  is  assumed  to  be 
about  936  one-sextillionths  that  of  water  and  is  represented  by  the 
Greek  letter  fjL.     Now  jjl  divided  by  K  equals  the  velocity  of  light 

and  all  other  forms  of  electromagnetic  energy  or  y?  =  186,500 
miles  per  second. 
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Air  Waves  and  Electric  Waves. 
Fig.  7. 

Electric  Waves.  Undulatory,  or  wave,  motion  through  the 
air  and  that  taking  place  in  the  ether  are  different  in  that  the  first 
consists  of  longitudinal  thrusts  due  to  one  molecule  of  matter 
striking  another,  while  in  the  latter  the  motion  is  caused  by  trans- 
verse vibrations  taking  place  across  the  line  of  propagation  due  to 
polarized  stresses  in  the  ether  as  shown  in  Fig.  7,  A  and  B  respect- 
ively. Electromagnetic,  or  to  use  the  common  abbreviated  terra, 
electric  waves,  are,  however,  like  sound  weaves  in  a  number  of 
limiting  cases,  as  for  instance,  they  may  vary  greatly  in  length  and 
yet  the  speed  at  which  they  travel  in  their  respective  mediums 
remains  constant;  again,  just  as  in  air,  waves  of  different  lengths 
produce  different  tones  when  they  impinge  on  the  ear.  waves  in 
ether,  of  very  short  but  varying  lengths,  reflect  dissimilar  <JoIors, 
the  violet  being  the  shortest  and  the  red  the  longest  visible  waves. 

An  electric  wave  a  little  longer  than  the  red  is  invisible  to  the 
eye,  but  its  effects  may  be  felt  in  the  form  of  radiant*heat.  Between 
the  short,  radiant  heat  waves  and  the  long  electric  waves  produced 
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by  the  disruptive  discharge  of  an  electric  spark  there  is  a  wide  gap, 
yet  they  are  identical  except  when  tlieir  lengths  are  considered. 

Because  they  are  invisible  and  the  senses  of  man  incapable  of 
perceiving  them  except  by  the  aid  of  some  exterior  physical  means, 
the  existence  of  electric  waves  had  not  been  proven  by  experiment 
until  1888,  when  Hertz  demonstrated  their  characteristics,  showed 
a  method  for  producing  them,  and  a  simple  means  by  which  they 
could  be  detected  and  their  effects  observed. 

Electric  waves  of  whatever  length  are  the  result  of  charges  of 
electricity  in  rapid  motion;  if  the  charge  of  an  atom  is  set  into  vibra- 
tion it  will  emit  a  very  short  wave  length,  say  271  ten-millionths 
of  an  inch  which  is  that  of  red  light,  but  if  a  pint  Leyden  jar  is  dis- 
charged its  oscillations  will  send  out  waves  50  or  60  feet  in  length. 

Electric  Oscillations.  Since  all  weaves  in  ether  are  due  to 
transverse  vibrations  they  should  follow  the  same  physical  laws, 


Polarized  Electric  Waves. 
Fig.  8. 

and  to  prove  that  the  long  electric  waves  were  identical  with  those 
of  light,  Hertz  reproduced  all  the  known  optical  experiments; 
showing  that  waves  from  his  oscillator  traveled  in  straight  lines, 
by  reflecting  them  from  the  surfaces  of  metals ;  that  they  could  be 
refracted,  by  passing  them  through  huge  prisms  of  pitch;  he 
formed  shadows  by  intercepting  them  with  his  own  body  and  other 
objects;  and  finally  he  polarized  them  by  means  of  a  grid  made  of 
a  number  of  parallel  wires  as  shown  in  Fig.  8. 

Disruptive  Discharge.     To    set    into    vibration    the    electric 
charge  of  an  atom  for  the  purpose  of  producing  light,  it  is  usual 
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to  employ  heat,  but  to  obtain  long  electric  waves  for  experimental 
purposes  or  for  wireless  telegraphy  there  is  only  one  method  known 
to  science  and  that  is  by  discharging  a  charged  Leyden  jar  or  other 
oscillator  formed  of  opposite  metal  conductors  B,  B'  and  separated 
by  a  spark-gap  as  shown  in  Fig.  9;   this   form  of  oscillator   is 


CO 
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Open  Circuit  Oscillator. 
Fig.  9. 

charged  by  an  induction  coil  or  other  high-tension  apparatus. 
When  the  spark  takes  place,  the  opposite  sides  or  arms  of  the 
oscillator  discharge  into  each  other,  thus  equalizing  their  difference 
of  potential  through  the  spark  or  disruptive  discharge. 

The  moment  the  spark  occurs,  the  static  charge  of  the  oscilla- 
tor is  changed  into  kinetic  energy  which  surges  through  the  system 

to  and  fro,  like  a  straight  steel  spring 
suddenly  released ;  but  while  the  energy 
of  a  spring  is  damped  out  in  the  making 
of  air  waves,  the  electric  oscillations  are 

transformed  into  electric  waves  in  the 

ether,  but  in  both  cases  the  energy  de- 
creases in  geometric   progression   from 

Pig.  10.    Electric  Oscillations.  .  ^  ,  •!     j   •     ^t 

maxima  to  zero  as  described  in  the  curve, 
Fig.  10. 

For  this  reason  the  waves  can  be  emitted  only  periodically, 
and  before  another  train  of  waves  can  be  started,  the  oscillator 
must  be  recharged,  and  this  requires  time.  The  charging  is  done 
automatically  by  having  the  terminals  of  an  induction  coil  con- 
nected with  the  arms  of  the  oscillator  so  that  as  soon  as  the  oscil- 
latory currents  set  up  by  the  spark  have  damped  out  their  energy 
in  electric  waves,  the  high-tension  current  generated  by  the  coil 
will  instantly  recharge  the  oscillator  to  its  maximum  capacity, 
when  it  will  again  break  down  the  thin  film  of  air  and  the  cycle  of 
operations  will  be  repeated. 

To  determine  the  length  of  an  electric  wave,  it  is  necessary  to 
know  not  only  its  velocity,  which  has  l)een  previously  calculated, 
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but  also  the  period  of  oscillation  of  the  system  radiating  the  waves; 
the  latter  depends  upon  the  constants  of  the  oscillator  circuit,  that 
is,  its  capacity  C,  its  inductance  L,  and  its  resistance  R.  These 
factors  are  in  turn  governed  by  its  length  and  other  dimensions, 
and  the  time  of  oscillation  T  may  be  found  by  the  formula  T  =^ 
2  R  1^^  LC;  the  resistance  may  be  considered  negligible  in  a 
simple  open  circuit  where  oscillations  are  of  sufficient  frequency 
to  send  out  electric  waves.     The  length  of  the  wave  is  easily  found 

by  dividing  the  velocity  v  by  the  number  of  waves 

wave  length. 

Electric  waves 
emitted  by  a  simple 
oscillator  of  the 
Hertz  type  give  rise 
to  free  spherical 
waves  in  space,  and 
the  writer  has  ever 
advocated  the  theory 
that  this  is  the  form 
of  waves  radiated  by 
the  serial  wire  and 
earthed -oscillator 
system  of  a  wireless 
telegraph  transmit- 
ter, while  Blondel, 
Taylor,  and  Fessen- 
den  have  promul- 
gated a  theory  in 
wliich  the  waves  are 

assumed  to  be  hemispherical  or  half -waves  which  slide  over  the 
surface  of  the  earth  or  sea;  the  illustrations.  Fig.  11,  A  and  B 
respectively,  show  graphically  these  two  view-points. 

Having  ascertained  the  process  by  which  low-voltage  direct 
currents  are  transformed  into  currents  of  high  frequency  and 
potential,  and  how  these  oscillations  radiate  their  energy  into  space 
in  the  form  of  electric  waves,  the  final  fundamental  prmciples 
involve    their    reception    and    indication.      While   all    insulating 


Fig.  11.    Electric  Wave  Propagation. 
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materials  are  transparent  to  electric  waves,  conductors  of  electricity 
have  the  property  of  intercepting  them,  but  this  does  not  imply 
that  they  are  forever  lost,  for  conversely,  they  follow  the  well- 
known  laws  for  the  conservation  of  energy,  and  the  weaves  are 
simply  transformed  into  another  form  of  energy,  or  back  again  into 

ielectric  oscillating  currents,  as 
the  heat  in  steam  is  converted 
into  mechanical  motion. 


wm- 
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Fig.  12     Branly's  Radio-Conductor. 


Fig.  13.    Open  Circuit  Resonator. 


The  currents  set  up  in  a  conductor  of  a  receiving  circuit, 
termed  a  resonator,  have  a  rate  of  oscillation  exactly  equal  to  that 
of  the  radiator  at  the  sending  station.  In  Hertz's  experiments,  a 
circlet  of  wire  was  used  as  a  receiver,  or  reso- 
nator, and  when  the  oscillations  raised  the  po- 
tential to  a  critical  poinf  the  tension  broke  down 
the  air  and  a  minute  spark  passed. 

Branly  introduced  a  little  tube  1,  filled  with 
filings  3,  see  Fig.  12,  termed  a  radio-conductor, 
in  the  resonator  circuit  that  is  between  two  arms 
made  of  metal  and  similar  to  the  oscillator  except 
that  the  tube  of  metal  filings  took  the  place  of 
the  air-gap„  2  and  4  represent  conductor  plugs, 
and  5  and  6  binding  posts.  When  electric  oscil- 
lations are  set  up  in  the  resonator  by  electric 
waves  impinging  upon  it,  the  oscillatory  current 
Flir.  14.  causes  the  filings  of  the  coherer,  as  Branly's  til- 

ings detector  has  come  to  be  universally  called, 
to  be  drawn  more  closely  into  contact,  and  the  resistance  which  is 
normally  high,  is  thus  very  greatly  diminished 

The  easiest  and  simplest  method  for  the  detection  of  these 
changes  in  resistance  is  to  connect  in  series  with  the  coherer  A.  a 
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single  cell  E,  and  a  galvanometer,  or  a  telephone  receiver  F,  as  in 
Fig  13;  D  and  D  represent  the  capacity  plates  and  B,  B  the 
internal  circuit.  It  is  obvious  that  when  the  filings  cohere,  the 
current  from  the  cell  will  readily  flow  through  the  circuit  including 
the  galvanometer,  its  needle  will  then  be  deflected  and  it  will  so 
continue  until  the  filings  are  restored  to  their  normally  high  resist- 
ance,  which  condition  may  be  easily  attained  by  merely  tapping 
the  tube  with  a  pencil;  in  practice,  the  decohesion  of  the  particles 
is  usually  effected  automatically  by  an  electro-mechanical  device. 

In  commercial  wireless  telegraphy,  the  serial  wire  at  the  send- 
ing  station  is  connected  with  the  e^rth  through  the  medium  of  a 
spark-gap,  as  A  in  Fig.  14,  which  constitutes  the  circuit  wherein  the 
current  oscillates.  At  the  receiving  station,  the  coherer  is  connected 
to  the  lower  terminal  of  the  vertical  wire  and  to  the  free  end  of  the 
wire  leading  to  the  earth,  as  indicated  at  B,  forming  the  resooator. 

Marconi  ascertained  that  the  energy  of  the  waves  did  cot' 
diminish  in  intensity  when  the  distance  was  increased  if  the  lengtl: 


-^^— 0^ 


Fig.  15. 


of  the  serial  wires  were  increased  as  the  square  of  the  distance,  that 
is,  by  doubling  the  height  of  the  wires  the  waves  would  be  trans 
mitted  to  four  times  the  distance,  the  initial  energy  remaining  the 
same.  These  are  the  first  principles  of  the  action  of  electric  waves 
and  the  operation  of  the  earliest  and  most  simple  forms  of  wireless 
telegraph  systems,  while  those  of  a  later  and  more  complex  nature 
depend  on  electrical  resonance  and  electro-mechanics. 

It  has  been  previously  shown  that  the  length  of  an  electric 
wave  depended  upon  the  coeflicients  of  the  oscillator,  and  it  has 
also  been  pointed  out  that  a  resonator  in  the  field  of  force  would 
have  oscillations  produced  in  it  by  the  impinging  wavea. 
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Resonance.  Now  it  is  well  known  that  when  an  oscillator 
and  a  resonator  have  exactly  the  same  electrical  dimensions,  that 
is,  inductance,  capacity,  and  resistance,  the  currents  set  up  in  the 
resonator  will  be  much  stronger  than  where  the  circuits  are  not  in 
resonance  with  each  other.  By  applying  the  laws  of  resonance  to 
wireless  telegraphy,  inventors  have  striven  to  produce  the  same  con- 
ditions on  a  commercial  scale  that  have  been  obtained  in  the  labora- 
tory in  order  to  provide  a  method  capable  of  signaling  selectively. 

The  oscillators  and  resonators  previously  described  were  of  the 
open-circuit  type,  having  two  oppositely  disposed  arms;  but  for 
resonance  effects  closed-circuit  oscillators  and  resonators,  illus- 
trated diagrammatically  in  Fig.  15,  at  A  and  B  respectively,  give 
the  maximum  results.  Conversely,  open -circuit  oscillators  are  the 
best  radiators  of  electric  waves,  damping  out  the  energy  in  two  or 
three  swings  while  the  closed -circuit  type  permits  the  current  to 
oscillate  for  a  long  period  of  time  and  consequently  very  feeble 
electric  waves  are  emitted.  Hence  wireless  telegraphy  systems 
with  open  circuits  give  the  best  results  over  long  distances,  but  as 
these  are  co-resonant,  in  virtue  of  the  capacity  of  the  earth  with 
which  they  are  connected,  every  receiver  is  in  syntony  with  every 

transmitter,  and  therefore  they  have 
no  individual  selective  properties. 
The  efforts  to  combine  open  and 
closed  circuits  to  obtain  the  advan- 
tages of  long-distance  transmission 
and  selective  signaling  has  led  to 
many  ingenious  relations  and  the  pro- 
duction of  several  syntonic  systems 


Pig.  16,    Induction  CoU  aud 
Oscillator. 


APPARATUS. 

The  apparatus  comprising  the 
transmitter  consists  of  a  source  of 
electromotive  force,  a  battery  or  dynamo,  »  key,  an  induction  coil  or 
transformer,  and  an  oscillator.  The  appliances  forming  a  receiver 
of  the  simplest  type  include  a  wave  detector,  a  cell,  a  telephone 
receiver,  and  a  resonator;  in  tlie  earlier  and  more  complex  systems, 
a  relay,  a  tapper,  aud  a  More©  register  were  added 
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Induction  Coil.  There  are  two  methods  of  transforming  low- 
potential  into  high -potential  currents.  The  first  is  by  means  of 
an  induction  coil  and  the  second  is  by  using  a  transformer.  The 
term  induction  coil  differentiates  this  apparatus  from  that  known 
as  a  transformer;  the  former  being  supplied  with  an  interrupter 
and  a  condenser  and  energized  by  a  low-voltage  direct  current, 
while  the  latter  has  neither  of  the  devices  just  cited  and  is  operated 
by  a  low- voltage  alternating  current. 

The  induction  coil,  Fig.  16,  is  made  up  of  an  iron  core  4, 
formed  of  a  number  of  soft  iron  wires  having  wound  around  them 


Induction  Coil. 
Fig.  17, 

two  layers  of  heavy  wire  5,  called  the  primary  coil  or  inductor. 
One  end  of  the  primary  leads  direct  to  the  battery  1,  the  other  con- 
necting with  an  interrupter  3,  a  simple  mechanism  for  automat- 
ically making  and  breaking  the  current,  which  is  in  turn  connected 
to  the  opposite  pole  of  the  generator.  Around  the  "make  and 
break"  a  condenser  2  is  connected  in  shunt,  assuming  the  contacts 
of  the  interrupter  to  be  closed,  but  when  open  the  condenser  is  in 
series  with  the  primary  coil. 
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Outside  the  primary  coil  and  well  insulated  from  it  is  the 
secondary  coil  6,  built  up  of  several  thousand  feet  of  very  line  wire 
and  thoroughly  insulated  with  a  compound  of  resin  and  beeswax. 
The  terminals  of  the  secondary  connect  to  the  opposite  arms  8,  8 
of  the  oscillator.     In  operation,  when  the  primary  coil  is  energized 

by  the  current,  the  core  becomes 
magnetized  and  magnetic  flux  sur- 
rounds the  coil  in  a  direction  par- 
alleling its  axis.  This  causes  a 
current  to  be  induced  in  one  direc- 
tion in  the  secondary.  When  the 
interrupter  breaks  the  circuit,  a 
current  is  induced  in  the  opposite 
direction;  this  is  repeated  auto- 
matically several  hundred  times 
per  minute  resulting  in  a  high-ten- 
sion alternating-current  flow  at  the 
terminals  of  the  secondary  coil  and 
which  is  utilized  for  charging  the 
oscillator.  Fig.  17  is  a  photographic  illustration  of  an  induction  coil. 
Transformer.  In  a  later  method,  shown  in  Fig.  18,  the  primary 
winding  2  of  an  ordinary  commercial  oil  transformer  is  connected 


Fig.  18.    Transformer  Transmitter. 


Marconi  Coherer. 
Fig.  20. 

to  the  terminals  of  an  alternating-current  generator  1,  of  say,  60 
cycles  and  500  volts.  The  ends  of  the  secondary  of  the  coil  3  are 
joined  to  a  battery  of  Leyden  jars  4,  4.     When  in  action,  the 
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reversals  of  the  current  in  the  primary  of  the  transformer  induce 
alternating  currents  in  the  secondary  coil  having  the  same  period 
but  enormously  increased  potential,  the  transformer  giving  about 


Fig.  19-     Wireless  Telegraph  Rey- 

25,000  volts  at  the  secondary  terminals."  This  low.frequency, 
high-potential  current  charges  the  Leyden  jars  to  the  limit  of  their 
capacity,  when  they  discharge  through  the  spark-gap  of  the  osciL 
lator,     6  is  the  earthed  terminal  and  7  the  serial  wire. 

Keys.  In  order  to  break  up  the  current  arbitrarily  into  dots 
and  dashes,  a  telegraph  key  is  interposed  in  the  primary  circuit; 
the  keys  usually  employed  are  constructed  like  an  ordinary  tele- 
graph  key,  but  are  very  much  larger,  like  the  one  in  Fig.  19,  as  the 
currents  to  be  broken  are  often  in  excess  of  746  watts  or  one  elec- 
trical horse-power.  Another  form  of  key,  designed  to  be  operated 
with  the  rapidity  of  the  ordinary  Morse  key,  is  constructed  so  that 
the  heavy  current  is  broken  under  oil. 
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The  spark-gap,  dividing  the  serial  wire  and  the  earthed  ter- 
minal  is  usually  formed  of  two  spheres  or  discs  so  tliat  the  length 
of  the  disruptive  discharge  tnay  be  regulated  at  will. 

Wave  DetectorSo  Of  the  receiving  devices  the  wave  detectors 
are  the  most  important.  These  comprise  two  general  classes;  those 
of  the  first  class  are  voltage-operated  and  are  of  the  coherer  type, 
in  which  the  resistance  is  lowered  by  the  potential  of  the  oscilla- 
tions,  and  the  anti-colierer  type  in  which  the  resistance  is  increased 
by  the  oscillations  Those  of  the  second  class  are  current-operated 
detectors  where  the  current  strength  of  the  oscillations  varies  the 
resistance  of  a  fine  wire  or  liquid  through  heat  losses  by  radiation, 
A  coherer  of  the  filings  type  is  shown  in 
Fig.  20;  two  silver  conductor  plugs  with  plat- 
inum wire  terminals  are  forced  into  a  piece  of 
glass  tubing  leaving  a  space  or  pocket  for  the 


Fig.  21.    Fessenden 
Barretter. 


Fig.  23.    Polarized  Relay. 


filings — made  with  a  coarse  file  from  nickel  and  silver  in  the  propor- 
tions of  90  per  cent  of  the  former  and  10  per  cent  of  the  latter:  the 
tube  is  then  adjusted,  the  air  is  exhausted  with  a  mercury  pump,  and 
the  tip  sealed  off.  Anti-coherers  are  made  by  substituting  oxide 
of  lead  for  the  ordinary  filings  between  the  conductor  plugs',  the. 
current  from  the  local  cell  causes  minute  threads  of  metal  to  be 
built  up  between  the  plugs  by  electrolysis,  and  these  are  disrupted 
by  the  electric  oscillations.  Auto -coherers  are  those  that  need  nc 
tapping  to  bring  them  back  to  their  normal  resistance  after  the 
effects  of  cohesion,  but  are  restored  automatically  in  virtue  of  their 
inherent  properties. 
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A  barretter  or  current-operated  wave  detector  is  illustrated 
in  Fig.  21;  it  is  made  of  a  little  loop  of  silver  wire  having  a  diam- 
eter of  .002  inch  with  a  core  of  platinum  wire  1  drawn  down  to 
.00006  inch  in  diameter;  the  tip  of  the  silver  loop  is  then  dissolved 
away  exposing  the  platinum  filament;  this  done,  the  ends  of  the 
loop  are  attached  to  the  leading- in  wires  2,  2  sealed  in  a  glass  bulb 
which  is  finally  enclosed  in  a  silver  case.  The  silver  shell  is  shown 
at  3  and  the  glass  globe  at  4.  A  new  form  of  barretter  em- 
ploys a  very  small  column  of  nitric  acid  and  a  minute  platinum 
wire  immersed  in  the  liquid  so  that  the  resistance  of  the  latter  is 
concentrated  closely  to  the  point.  Anti-  and  auto-colierers  and 
barretters  can  be  used  only  in  connection  with  a  telephone  receiver. 


Marconi  Polarized  Reiay. 
Fig.  23. 

for  their  resistance  variations  are  too  limited  to  permit  the  relay 
to  be  actuated;  the  filings  coherer  is  the  only  type  of  detector 
known  that  can  be  employed  in  combination  with  a  relay. 

Relays.  Of  relays  there  are  several  forms,  but  the  polarised 
relay ^  shown  in  Fig.  22,  is  the  only  one  sensitive  enough  to  be 
used  in  conjunction  with  a  coherer  for  long-distance  work.  A 
polarized  relay  is  provided  with  a  permanently  magnetized  arma- 
ture 3  instead  of  the  soft  iron  one  of  the  ordinary  instrument;  it 
has  two  magnets,*  one  an  electromagnet  2,  2  and  the  other  a  per- 
manent magnet  1,  1;  by  this  arrangement,  when  no  current  is 
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passing  through  the  coils  of  the  electromagnet,  the  poles  will  be 
north;  but  when  the  current  flows,  one  of  the  poles  is  more 
strongly  magnetized  while  the  other  changes  its  polarity  to  south. 
There  are  several  modifications  of  the  polarized  relay,  but  their 
principles  of  operation  are  the  same.  Fig.  23  shows  the  type  used 
in  wireless -telegraph  receivers. 

De=Coherer.  Next  in  importance  is  the  tapper,  or  de-coherer, 
for  restoring  the  filings  after  the  oscillating  current  has  cohered 
them.  The  construction  of  a  tapper  is  much  like  that  of  the  ordi- 
nary electric  bell  with  an  au^ 
tomatic  contact  breaker;  but 
different  from  the  latter  in 
that  the  hammer  of  the  tap- 
per  has  a  very  low  time  con- 
stant  so  that  its  vibrations 
can  be  very  rapid.  Such  a 
tapper  is  shown  in  Fig.  24. 
and  is,  it  will  be  observed, 
provided  with  a  device  for 
supporting  and  adjusting  the 
coherer  so  that  the  strength 
of  the  stroke  of  the  hammer 
may  be  varied  at  will. 

Th^re  are  several  instru- 
ments for  translating  the  re- 
ceived  impulses  into  readable 
Morse,  as  for  instance,  the 
galvanometer,  the  telephone 
receiver,  the  ordinary  sounder 
and  the  Morse  register.  The 
three  former  appliances  are  so  well  known  that  they  need  not 
be  described  here.  The  register  is  employed  where  it  is  desirable 
to  have  a  permanent  record  of  the  received  message,  and  a  general 
idea  may  be  gained  of  its  construction  and  operation  by  referring 
to  Fig.  25. 

Registero  The  register  is  an  electro-mechanical  apparatus 
comprising  a  spring  motor,  the  purpose  of  which  is  to  draw  a  tape 
of   paper   under   an   inked   disc   operated   by  an    electromagnetc 


Fig.  34.    Guarlni  Tapper. 
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Morse  Register. 
Fig.  25. 

When  a  current  is  passing  through  the  coils  of  the  electromagnet, 
the  inked  disc,  which  is  attached  to  the  armature,  is  drawn  into 
contact  with  the  paper  and  held  there  until  the  current  ceases;  in 
this  way  the  dot  and  dash 
code  is  formed  and  im- 
printed on  the  tape. 

The  above  appliances 
are  the  principal  ones  mak- 
ing up  the  ordinary  wire- 
less telegraph  systems,  but 
there  are  a  number  of  other 
and  minor  devices  utilized 
to  render  more  accurate  the 
workin.g  of  the  instru- 
ments. One  of  these  is  the 
choMng  coil^  made  of  a 
long,  fine  insulated  wire 
doubled  back  on  itself  and 
then  wound  on  a  wooden 
spool  as  shown  in  Fig.  26; 
these  coils  are  interposed 
in  the  local  circuits  of  the 
receiver  to  cut  off  high-f re- 


Fig.  26.    Choking  Coil. 
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quency  currents  which  may  be  set  up  by  sparking,  either  in  the 

coherer  or  between  the  relay  contacts. 

Oscillation  Transformers  are  used  in  many  systems  of  recent 

design ;  these  are  constructed  for  stepping  up  or  down  high-fre- 
quency and  high-potential 
electric  oscillations,  and 
are  employed  in  both  the 
sending  and  the  receiving 
circuits.  The  transmitting 
transformers  have  an  in- 
ductor or  primary  of  three 
or  four  turns  of  heavy  wire 
wound  outside  the  second- 
ary coil  which  is  formed  of 
thirty  or  forty  turns  of  fine 
wire,   when  the  coils  are 


then  immersed  in  oil;  two 
views  of  a  typical  trans- 
former are  illustrated  in 


Braun  High  Potential  Transformer. 
Fig    27. 


Fig.  27.  Smaller  transformers  are  often  employed  in  the  receiving 
circuits,  and  consist  of  simply  a  primary  and  a  secondary  coil  insu- 
lated in  the  usual  manner. 
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Inductance  coils  and  condensers  are  also  largely  used  in  wire- 
less telegraph  practice  for  the  purpose  of  increasing  the  inductance 
and  capacity  of  the  oscillators  and  therefore  the  waves  emitted  by 
them.  They  are  also  useful  for  tuning  a  closed-circuit  to  an  open- 
circuit  as  well  as  to  obtain  resonance  between  the  transmitter  and 
receiver.  Inductance  coils  are  formed  of  a  large  number  of  turns 
of  heavy  wire  with  sliding  contacts  so  that  any  desired  value  of 
inductance  may  be  procured.  Condensers  for  providing  suitable 
capacities  can  be  made  up  of  Leyden  jars  or  metal  sheets  immersed 
in  oil  where  high  tensions  are  employed,  but  in  receiving  circuits, 
those  of  the  ordinary  mica  type  are  used.  Finally  where  detectors 
of  the  coherer  type  are  utilized  a  metal  case  is  provided  which 
encloses  not  only  the  coherer  but  the  relay,  tapper,  and  local  cells 
leaving  the  register  alone  exposed.  The  object  of  the  screening 
box  is  to  protect  the  delicate  and  sensitive  instruments  from  the 
powerful  oscillations  of  the  transmitter  in  the  immediate  vicinity. 

"With  an  understanding  of  the  subsidiary  apparatus  compris- 
ing the  component  parts  of  transToitters  and  receivers  and  the 
principles  involved,  it  is  now  easy  to  follow  the  intricacies  of  the 
various  systems  that  complete  the  art  of  wireless  telegraphy. 

SYSTEHS. 

The  many  different  systems  for  sending  messages  through 
space  without  wires  may  be  classified  under  two  general  heads, 
namely,  those  designed  without  regard  to  selectivity,  and  those 
where  electrical  resonance  has  been  brought  to  bear  in  order  to 
prevent  interference.  Those  of  the  first  class  are  termed  non-syii- 
tonic  and  those  of  the  second  class  syntonic  systems. 

flarconi.  First  form.  The  first  complete  system  of  wireless 
telegraphy  was  conceived  and  patented  by  William  Marconi,  who, 
by  employing  greater  power,  larger  radiating  surfaces  and  improv- 
ing its  details,  was  enabled  to  increase  its  effective  range  from  300 
feet  to  2,000  miles.  His  first  apparatus  was  simply  an  open-circuit 
apparatus  of  the  non-syntonic  type  as  a  reference  to  the  diagram 
Fig.  28,  will  show. 

The  transmitter  A  includes  an  induction  coil^l,  energized  by  a 
battery  2,  the  current  being  broken  up  into  the  Morse  code  by  the 
key  3;  the  coil  is  equipped  with  a  spring  interrupter  4;   the  ter- 
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minals  of  the  secondary  are  connected  to  either  side  of  the  spark- 
gap  5,  which  with  the  serial  wire  6  and  the  earthed  terminal  7, 
forms  the  oscillator  system.  The  receiver  B  is  made  up  of  a 
coherer  1,  the  polarized  relay  2,  and  the  cell  3,  all  of  which  are 
connected  in  series  and  comprise  the  first  internal  circuit.  The 
second  internal  circuit  includes  the  contact  points  of  the  relay  2, 
the  Morse  register  4,  the  battery  5,  and  the  tapper  6;  the  tapper 


\ 
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Diagram  of  Original  Marconi  Transmitter  and  Receiver. 
Fig.  28. 

and  register  may  be  in  series  or  parallel;  the  ferial  wire  9  and  the 
earthed  terminal  10  form  the  resonator.  Choking  coils  7  and  8 
are  placed  in  the  first  internal  circuit  between  the  coherer  and  the 
relay  to  prevent  oscillations  from  the  resonator  from  wasting  their 
energy  in  the  relay  coils,  as  well  as  to  prevent  those  originating  at 
the  contacts  of  the  relay  from  acting  on  the  coherer.  To  the  free 
ends  of  the  serial  wires  were  attached  large  sheets  of  metal  termed 
capacity  areas,  but  these  are  no  longer  deemed  necessary.  A  pho- 
tograph of  a  Marconi  station  at  Babylon,  Long  Island,  is  given  in 
Fig.  29. 

Lodge.  To  Sir  Oliver  Lodge  is  due  the  credit  of  having 
evolved  the  first  syntonic  electric-wave  apparatus  based  on  the  laws 
of  resonances,  and  since  nearly  all  the  succeeding  systems  utilize 
these  principles  a  brief  review  of  his  arrangement  may  prove  use- 
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Marconi  Wireless  Telegraph  System. 
Fiff.  29. 


fiiL  In  this  system,  instead  of  the  usual  serial  and  earth  wires, 
two  conical  metal  capacity  areas  are  substituted;  in  Fig.  30,  A,  1, 
and  2  represent  the  areas  which  are  charged  by  an  induction  coil 


Lodge  Syntonic  System. 

Fig.  30. 
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3  and  which  discharge  through  the  spark-gap  4;  the  value  of 
capacity  can  be  changed  by  means  of  the  adjustable  condensers  5 
and  6;  the  values  of  inductance  are  also  made  variable  by  the  coils 
7  and  8;  the  resistance  of  the  circuit  is  negligible;  it  is  obvious 
that  a  wave  of  predetermined  length  may  now  be  obtained  since  it 
depends  on  the  period  of  oscillation  and  this  on  the  inductance  and 
capacity  of  the  circuit.  The  capacity  areas  are  insulated  from  the 
post  which  supports  them.  The  receiver  B  is  formed  of  two  similar 
capacity  areas  1  and  2,  and  these  are  connected  through  the  pri- 
mary of  an  oscillation  transformer  3,  the  secondary  of  which  4 
leads  to  the  coherer  5;  the  relay,  tapper,  and  register  are  not 
shown  but  operate  as  previously  described. 


Diagrammatic  View  of  Slaby-Arco  Multiple-Tuned  Wireless-Telegraph 
Transmitter  and  Receiver. 

Fig.  31. 

The  Slaby-Arco  System,  of  German  manufacture,  is  now 
extensively  used  in  the  United  States  Kavy,  and  though  retaining 
the  serial  wires  and  earthed  terminals  it  is  based  on  certain  res- 
onance phenomena  as  will  be  seen.  When  an  oscillation  is  set  up 
in  a  wire,  it  will  emit  a  wave  four  times  its  own  length;  if  the  wire 
is  connected  directly  to  the  earth,  as  shown  in  Fig.  31,  the  greatest 
amplitude  will  be  at  the  free  end  of  the  wire  while  the  nodal  point 
will  be  at  the  earthed  end  as  indicated  by  the  dotted  lines.  If,  in 
the  transmitter  A,  the  earthed  radiating  wire  1  is  connected  to  the 
spark-gap  2  and  to  the  earth  3  through  the  inductance  coil  4  and 
the  condenser  5,  then  a  combination  of  »u  open  and  a  closed  circuit 
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is  formed,  since  the  earth  serves  to  close  the  circuit  containing  the 
spark-gap.  Assuming  that  the  inductance  4  and  the  capacity  5  is 
equal  to  that  of  the  wire  6,  then  oscillations  set  up  in  the  former 
will  be  impressed  upon  the  latter  which  will  radiate  the  energy  in 
electric  waves.  In  the  receiver  B  similar  conditions  prevail;  1  is 
the  receiving  serial  wire  or  antenna,  the  oscillation  having  its 
greatest  loop  at  a,  2  is  the  nodal  point  .forming  an  open-circuit 
resonator;  a  closed  resonator  circuit  is  formed  by  the  inductance 
8,  the  coherer  4,  condenser  5,  and  the  earth  6;  the  point  of  greatest 
amplitude  of  the  oscillations  is  arranged  to  correspond  with  the 


Slaby-Arco  System- 
Fig.  32. 

coherer  which  receives  the  maximum  potential  as  indicated  in  the 
dotted  lines.  A  photograph  of  the  complete  system  is  shown  in 
Fig.  32. 

riarconi.  Second  form.  In  seeking  a  solution  for  the 
problem  of  selectivity,  Marconi  produced  a  second  system  in  which 
he  eliminated  the  aerial  wire,  as  in  Lodge's  scheme,  but  since 
grounded  terminals  were  essential  to  long-distance  transmissions, 
be  retained  these  features.    Fig.  33  is  a  diagrammatic  view  Qf  tbe 
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arrangement;  the  oscillator  and  resonator  are  compound,  that  is, 
each  is  of  the  nature  of  an  open  and  a  closed  circuit.  The  trans- 
mitter A  shows  two  concentric  cylinders  1  and  2,  separated  by  an 

air  space  and  forming 
1  1 — il 


2 
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\AAr-r^^W 
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Fig.  83. 


Diagram  of  Marconi  Selective  Wireless- 
Telegraph  System. 


in  reality  a  huge  Leyden 
jar.  The  inner  cylinder 
leads  to  earth  and  is  also 
connected  to  the  outer 
cylinder  through  the 
spark-gap  4  and  the  in- 
ductance coil  5.  The 
receiver  B  has  a  similar 
cylinder  1  and  2;  the 
outer  is  connected  to  the 
inner  through  the  pri- 
mary of  a  small  oscil- 
lation-transformer 4  and  inductance  5;  the  coherer  6  is  connected  to 
the  secondary  coil  thus  forming  another  closed  circuit.  These  cyl- 
inders do  not  radiate  their  energy  in  two  or  three  swings,  yet  the 
oscillations  are  not  sustained  to  such  a  point  as  to  enfeeble  the 
emitted  waves;  when  syntonized  to 
each  other,  selectivity  may  be  ob- 
tained within  certain  limits. 

Braun-Siemens  and  Halske. 
One  of  the  best  theoretical  syntonic 
systems  is  the  Braun-Siemens  and 
Halske  of  Germany.  Oppositely 
disposed  to  the  one  just  described, 
Dr.  Braun  has  retained  the  aerial 
wires,  but  discarded  the  earthed 
terminals.  The  arrangement  is 
shown  graphically  in  Fig.  34.  The 
fact  that  the  ferial  wire  is  one-fourth 
the  length  of  the  emitted  wave,  that 
the  oscillations  in  one  circuit  can  be 
transformed  into  another  circuit,  and 
that  a  closed  circuit  is  a  persistent  oscillator  while  an  open  circuit 
is  a  strong  radiator  led  to  the  design  gf  the  following  apparatus; 


Fig.  34.    Schematic  Arrangement  of 
Braun's  Wireless-Telegraph  System. 
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Braun  Resonance  System. 
Fig.  35. 

Li  tlie  transmitter  A,  the  secondary  of  an  induction  coil  1, 
charges  the  oscillator  system  of  which  the  spark-gap  2,  the  con- 
densers 3  3,  and  the  primary  4  of  a  high-tension  transformer  are 
the  complement;  the  transformer  is  shown  in  Fig.  27.  The  sec- 
ondary 5  of  the  transformer  connects  with  the  serial  radiating  wire 
6,  while  the  lower  wire  6'  is  made  equal  in  length  or  it  may  be  an 
inductance  coil  and  capacity  equal  to  that  of  the  serial  wire.     The 

receiver  B  has  a  similar  ^rial  wire  Qm  fourth  (-t)  the  length  of 
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the  received  wave  length  connected  with  a  closed  resonator  circuit 
formed  of  the  condensers  8,  8  and  the  primary  of  a  small  oscilla- 
tion transformer  9;  the  antenna  7  is  balanced  by  an  equal  amount 
of  capacity  and  inductance  at  its  lower  end  7';  the  coherer  12  is 
placed  in  one  arm  of  an  open-circuit  resonator;  the  secondary  11, 
of  the  transformer  connecting  with  an  opposite  arm  of  equal  elec- 
trical dimensions,  completes  the  apparatus.  Fig.  35  is  a  photo- 
graphic reproduction  of  the  Braun -Siemens  and  Halske  system. 


Fessenden  Combined  Sending  and  Receiving  Apparatus. 
Fig.  36. 

Fessenden.  An  American  system  designed  by  lleginald  A. 
Fessenden  is  shown  in  Fig.  36;  it  contains  several  novel  features, 
as  the  use  of  a  current -operated  wave  detector,  invented  by  Prof. 
Fessenden  and  termed  by  him  a  barretter.  The  tuning  of  the  cir- 
cuits  is  accomplished  by  a  grid  formed  of  wires  immersed  in  oil 
that  gives  a  rariable  capacity  and  inductance  without  the  use  of 
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Fessenden  Tuned  System. 
Fig.  37. 

coils  or  condensers.  By  means  of  sliding  contacts  on  the  wires, 
the  open-circuit  oscillator  may  be  tuned  to  the  closed -circuit  system 
so  that  both  have  exactly  the  same  period. 

By  referring  to  the  diagram  the  arrangement  will  become 
clear.  In  this  drawing  the  transmitter  and  receiver  are  combined 
as  they  are  in  practice,  since  the  same  aerial  and  earth  wires  serve 
for  sending  and  indicating  the  waves.  The  serial  wire  1  is  sup- 
plied with  energy  from  the  induction  coil  2  through  the  spark-gap 
3;  one  side  of  the  gap  leads  to  the  key  4,  making  connection  with 
the  tuning  grid  wires  5;  these  can  be  adjusted  by  the  sliding  con- 
tacts 6,6  finally  leading  to  the  earth  at  11.  The  receiving  devices 
comprise  a  condenser  7  and  a  tuning  grid  9  which  connects  with 
the  barretter  10  through  a  holder  containing  a  number  of  them  at 
17,  an  electromagnet  automatically  breaking  the  circuit  in  which 
they  are  placed  by  the  operation  of  the  induction  coil ;  the  resonator 
circuit  18  completed  by  antenna  1  and  the  earth  11;  th^  variation 
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Diagram  of  DeForest  Wireless- Telegraph  System. 
Fig.  38. 

of  the  carrent  is  read  by  means  of  a  telephone  receiver  12.  The 
apparatus  is  very  compact  as  Fig.  37  shows,  it  is  rapid  in  operation 
and  accurate  in  its  translations. 

American  De  Forest.  Another  system  using  the  telephone 
receiver  as  a  means  of  indication  is  the  American  De  Forest.  This 
was  the  first  commercial  system  to  employ  an  alternating-current 
generator  and  an  oil  transformer  to  charge  the  oscillator  system. 


PeForest  System  Transmitter. 
Fig.  39, 
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The  transmitter  A,  Fig.  38,  includes  an  alternating-current  gener- 
ator 1,  an  ordinary  Morse  key  2,  with  contacts  breaking  under  oil, 
and  a  transformer  3.  The  aerial  wire  4  and  earthed  wire  5  form  a 
simple  open-circuit  oscillator  through  the  spark-gap  G;  this  system 
is  supplied  with  energy  by  the  condensers  7  and  8  which  are 
charged  by  the  secondary  of  the  transformer.  The  receiver  in  its 
simplest  form  comprises  a  self-restoring  detector  invented  by  Dr. 
De  Forest  >and  E.  H.  Smythe,  called  an  electrolytic  responder — 
previously  described  under  "Principles" — a  cell  and  a  telephone 
receiver.  In  practice,  it  takes  on  the  form  shown  at  B;  two 
responders  1',  1"  are  connected  with  the  serial  wire  and  earth;  the 


DeForest  Receiver. 
Fig.  40. 

internal  circuit  includes  the  responders  1',  1",  the  choke  coils  2', 
2",  a  resistance  of  5,000  ohms  3,  battery  4,  condenser  5,  telephone 
receiver  6,  antenna  7,  ground  8,  and  shunt  switches  9',  9".  This 
system  has  met  with  favor  at  home  and  abroad  due  largely  to  its 
simplicity  and  efficiency.  Fig.  39  illustrates  the  transmitter  and 
Fig.  40  the  receiver. 

Branly-Popp.  Especial  interest  is  attached  to  the  Branly- 
Popp  system  in  virtue  of  the  fact  that  Prof.  Branly  is  the  original 
inventor  of  the  coherer.  The  chief  feature  of  the  newly-designed 
apparatus  is  a  tripod  coherer  and  the  elimination  of  the  regulation 
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tapping  device.  Fig.  41  is  a  diagram  of  the  connections  and  Fig. 
42  shows  the  apparatus.  The  transmitter  is  of  the  usual  induction- 
coil,  open -circuit  oscillator  type.  The  coherer  consists  of  three 
highly  polished  tapering  steel  legs,  the  lower  points  of  which  are 


Diagram  Branly-Popp  System. 
Fig.  41. 

slightly  oxidized.  The  legs  are  fastened  to  a  metal  disc  at  the  top, 
the  points  resting  on  a  polished  steel  plate.  In  the  photograph  it 
will  be  observed  that  the  coherer  is  placed  immediately  back  of  the 
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Branly-Popp  System. 
Fig.  42. 
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electromagnets  of  the  Morse  register,  and  when  the  armature  is 
attracted  by  the  magnets,  a  projecting  hammer  serves  to  tap  the 
coherer,  restoring  the  high  resistance  between  the  points  and  mak- 
ing the  plate  ready  for  the  succeeding  impulse. 
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Lodge-Muirhead  System. 
Fig.  43. 
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■  Lodge-riuirhead.  Another  recent  example  of  the  advances 
in  wireless  telegraph  practice  is  the  Lodge-Muirhead  system,  the 
schematic  arrangement  being  shown  in  Fig.  43  and  the  complete 
apparatus  in  Fig.  44.     The  combination  of  open  and  closed  oscil- 


Lodge-Mulrhead  System. 
Fig.  44. 


lator  and  resonator  circuits  will  be  recognized  as  well  as  the  induct- 
ance coils  and  condensers  for  obtaining  resonance  effects.  The 
receiver  embodies  a  new  rotating  mercury  coherer,  in  which  a  pol- 
ished steel  disc  is  made  to  revolve  so  that  its  edge  runs  in,  and 
therefore  forms  contact  with,  a  column  of  mercury.     Instead  of  a 
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telephone  receiver  or 
a  Morse  register,  a 
syphon  recorder  such 
as  is  used  for  receiv- 
ing cable  messages  is 
employed  and,  owing 
to  the  comparatively 
wide  variations  Qf  re- 
sistivity of  the  co- 
herer, this  enables 
them  to  be  connected 
direct,  thus  doing 
away  with  the  usual 
relay.  The  equip- 
ment also  includes  a 
perforator,  for  pre- 
paring the  messages 
so  that  they  may  be 

sent  by  an  automatic  or  machine  transmitter,  although  a  manually 

operated  key  may  be  used  if  desired. 


Fig.   45. 


Transmitter  Showing  Connections  Between 
Disi)erser  and  Induction  Coil. 


Anders  Bull's  BlcLiro  .  ,  ra.    Transmitter. 

Fig.  46. 
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Bull.  In  all  the  foregoing  systems,  where  selective  signaling 
was  one  of  the  objects  to  be  attained,  the  desired  results  were 
striven  for  by  utilizing  the  laws  of  electrical  resonance.  The  solv- 
ing  of  the  difficult  problems  of  syntonization  has,  however,  been 
attempted  along  other  and  more  concrete  lines  embracing  electro- 
mechanics  of  which  the  following  inventions  of  Anders  Bull  are 
the  best  examples.  In  this  system,  the  transmitter  consists  of  a 
disperser  and  an  induction  coil  shown  in  Figs.  45  and  46;  when 
in  operation  its  function  is  to  send  out  a  fixed  number  of  wave  im- 


Receiver,  Showing  Connection  Between  Coherer  Relay,  Morse  Register,  and  CoUector. 

F;g.  47. 

pulses  per  given  period  of  time;  these  waves  actuate  different  re- 
ceivers adjusted  in  accordance  with  the  pre-arranged  time  intervals. 
When  the  key  closes  the  circuit  of  the  battery  1  and  the  electro- 
magnet 2,  the  armature  of  the  latter  releases  a  clutch  on  the  disc 
3  from  the  pin  4;  the  disc  is  rotated  by  a  frictional  shaft  5  making 
five  revolutions  per  second.  Every  revolution  of  the  disc  causes 
the  pin  6  to  close  the  circuit  including  the  battery  7  and  the  elec- 
tromagnet 8 ;  the  disperser  proper  consists  of  a  disc  having  attached 
thereto  four  hundred  straight  steel  springs  9,  their  free  ends  passing 
through  a  radial  slot  in  the  upper  revolving  disc  10;  a  brass  ring  11 
serves  as  a  guide  for  the  spring  points  and  when  the  disc  revolves 
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Bull's  Electro-Mechanical  System.    Receiver. 
Fig.   48. 

they  sliae  within  a  U-shaped  groove  12  if  attracted  by  the  magnet 
or  within  the  ring  itself  when  there  is  no  magnetic  pull  upon  them. 
A  bronze  arc  13  causes  the  springs  to  bend  toward  the  magnet  14, 
and  being  energized  by  the  battery,  they  slide  into  the  groove 
where  they  finally  close  the  circuit  of  the  magnet  20  controlling 
the  induction  coil  22.  As  the  disc  rotates,  the  springs  make  con- 
tact with  projections  extending  around  the  frame  at  certain  prede- 
termined intervals  and  in  this  way  waves  of  prescribed  frequency 
are  consequently  emitted. 

When  these  periodically  emitted  waves  impinge  upon  the  an- 
tenna of  the  receiving  apparatus,  Fig.  47,  the  coherer  closes  the 
circuit  of  the  relay  magnets  23;  and  the  tapper  24,  and  the  collector 
magnet  25  are  brought  into  action.  The  mechanism  of  the  col- 
lector is  exactly  like  that  of  the  disperser  and  can  therefore  be 
instantly  converted  into  a  disperser.  The  discs  of  the  disperser 
and  collector  revolve  synchronously,  hence  if  five  electric  wave 
series  are  transmitted,  five  springs  will  close  the  circuit  at  given 
intervals  of  time;  the  spring  points  27  of  the  collector  having  the 
same  relative  arrangement  as  in  the  disperser  the  impulses  operate 
similar  contacts  controlling  the  Morse  register  28.  In  this  system 
interference  is  not  obviated,  yet  any  one  of  a  number  of  receivers 
in  the  same  field  of  action  may  be  operated  to  the  exclusion  of  all 
others.     The  Bull  receiver  is  shown  in  Fig.  48. 
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PICTURE  SENT  BY  TELEGRAPH 

This  View  was  Transmitted  by  Means  of  the   Belin  Telestereograph. 
Wavy  Effect  Produced  by  Telegraphic  Reproduction. 
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Electrical  transmission  of  handwriting  has  engaged  a  certain 
amount  of  attention  ever  since  telegraphic  transmission  of  printed 
characters  was  successfully  carried  out. 

As  early  as  1886,  Cowper  and  Kobertson  brought  the  writing 
telegraph^  into  a  fairly  operative  form.  This  instrument  was 
adapted  to  operate  several  receivers  in  series  in  ^'reportinor" 
service,  where  the  regular  news  ticker  service  was  unobtainable  or 
too  expensive.  The  system  was  put  to  some  use,  chiefly  in  Pitts- 
burg and  vicinity. 

The  writing  was  received  on  a  paper  tape,  advanced  at  con- 
stant speed  by  clockwork.  No  pen-lifting  device  was  provided 
and  the  words  were  connected  together  by  a  mark  of  the  pen, 
making  figure  work  poor.  As  the  characters  were  formed  by  the 
combination  of  the  pen  motion  and  the  tape  motion,  a  certain 
amount  of  practice  and  skill  was  required  to  produce  a  legible 
message. 

The  electrical  features  were  as  follows  :  two  independent  vari- 
able currents  were  obtained  from  the  transmitter;  these  passed 
over  lines  to  the  receiver  where  they  traversed  two  electromagnets 
set  at  right  angles  to  each  other,  and  so  influenced  their  effect 
upon  a  common  armature  as  to  cause  the  receiver-pen  rod  to  re- 
produce the  motion  of  the  transmitter  pencil. 

It  will  be  noted  that  this  principle  is  nearly  identical  with 
that  of  Griihn's  Telechirograph,^  recently  described  in  the  tech- 
nical press,  the  main  differences  being  that  the  telechirograph 
writes  upon  a  larger  field  and  uses  a  beam  of  light,  and  photo- 
graphic record  instead  of  a  pen  with  ink  record. 

Following  the  writing  telegraph.  Professor  Elisha  Gray  con- 
structed, at  his  Chicago  laboratory,  an  instrument  which  wrote 
upon  stationary  paper,  and  which  he  called  a  telautograph.     It 
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required  four  line  wires  and  operated  as  follows:  by  means  of 
cords  and  drums  the  motions  of  the  transmitting  stylus  were 
resolved  into  two  component  rotary  motions  which  were  used 
to  operate  two  mechanical  interrupters  in  the  primary  circuits  of 
two  induction  coils.  The  relations  of  the  parts  were  such  that  a 
motion  of  the  transmitting  stylus  amounting  to  one-fortieth  of  an 
inch  caused  a  complete  make -and -break  at  one  or  both  of  the  inter- 
rupters. 

The  line  currents  were  the  impulses  produced  in  the  second- 
ary circuits  of  the  induction  coils.  These  impulses  passed  over 
lines  to  two  electromechanical  escapements  in  the  receiver.  By 
means  of  cords  and  drums,  their  motions  were  combined  and 
caused  to  act  upon  the  receiver  pen.  By  the  use  of  relays  and 
condensers  and  a  local  battery  at  each  receiver,  the  paper  was 
advanced  when  necessary  and  the  pen  lifted  from  and  lowered  to 
the  paper.  The  mechanical  difficulties  met  with  in  perfecting  this 
instrument  were  very  great,  and  in  the  apparatus  exhibited  at  the 
World's  Fair  in  Chicago  in  1893  the  escapement  mechanism  was 
brought  to  a  perfection  thought  impossible  of  attainment  only  a 
short  time  before.  The  writing  showed  a  saw-tooth  or  step-by- 
step  character  due  to  the  action  of  the  escapements.  The  instru- 
ment was  abandoned  on  account  of  the  number  of  line  wires 
required,  limited  speed,  numerous  fine  adjustments,  and  cost  and 
difficulty  of  manufacture. 

In  1893,  while  still  working  at  the  escapement  device,  Pro- 
fessor Gray  patented  a  variable-current  instrument,'  using  two 
line  wires,  which  worked,  in  a  general  way,  like  the  present  telau- 
tograph. The  motions  of  the  transmitter  pencil  were  resolved 
into  two  components  which  were  used  to  vary  two  line  currents, 
the  variable  resistances  being  carbon  rods  dipping  into  tubes  of 
mercury.  The  receiver  contained  two  D'Arsonval  movements,  to 
the  moving  elements  of  which  the  pen-arms  were  attached.  Pro- 
fessor Gray  never  developed  this  instrument  much  beyond  the 
laboratory  stage,  probably  on  account  of  his  firm  belief  in  the 
escapement  type. 

Foster  Kitchie,  at  that  time  an  assistant  to  Professor  Gray, 
gave  considerable  attention  to  this  patent  and  perfected  an  instru- 

l.    U.  S.  Patent  494,962,  April  4, 1893. 
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ment  based  on  it.  He  obtained  a  patent  for  improvements'  and 
has  produced  an  instrument  that  operates  in  a  fairly  satisfactory 
manner^  under  certain  favorable  conditions. 

The  telautograph  has  been  brought  to  its  present  state  chiefly 
through  experimental  work  done  by,  or  under  the  personal  direc- 
tion of,  Mr.  George  S.  Tiffany,  to  whom  several  patents'  for 
improvements  have  been  granted.  Mr.  Tiffany's  instrument  oper- 
ates upon  the  variable-current  principle  and  includes  a  number  of 
interesting  features,  among  them  what  may  be  called  a  straight-line 
D'Arsonval  movement,  which  is  used  to  operate  the  receiver. 
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The  operation  may  be  briefly  described  thus:  at  the  transmit- 
ter a  pencil  is  attached  by  rods  to  two  lever-arms  which  carry 
contact -rollers  at  their  ends.  These  rollers  bear  against  the  sur- 
faces of  two  current-carrying  rheostats,  connected  to  a  constant- 
pressure  source  of  direct  current.  The  writing  currents  pass  from 
the  rheostats  to  the  rollers  and  from  them  to  the  line  wires.  When 
the  pencil  is  moved,  as  in  writing,  the  positions  of  the  rollers  upon 
the  rheostats  are  changed,  and  currents  of  varying  strength  go  out 
upon  the  line  wires.  At  the  receiver  these  currents  pass  through 
two  vertically  movable  coils,  suspended  by  springs  in  magnetic 
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fields,  and  the  coils  move  up  or  down  according  to  the  strengths 
of  the  line  currents.  The  motions  of  the  coils  are  communicated 
to  levers  similar  to  those  at  the  transmitter,  atid  on  these  levers  is 
mounted  the  receiver  pen,  which,  by  the  motions  of  .the  coils,  is 
caused  to  duplicate  the  motions  of  the  sending  pencil.  Fig.  1 
shows  the  circuits  of  the  instrument. 

Many  of  the  principles  and  devices  in  the  instruments  are  of 
considerable  interest.  The  method  by  which  the  variable  currents 
are  obtained  is  the  laboratory  arrangement  for  securing  a  variable 
pressure  from  a  direct-current,  constant-pressure  circuit;  that  is, 
the  line  circuit  (of  constant  resistance)  is  connected  as  a  shunt 
around  that  part  of  the  rheostat  between  the  moving  roller  and  the 
ground  or  return.  Motion  of  the  roller  varies  the  amount  of  resist- 
ance in  series  with  the  line  and  also  the  amount  in  parallel  with  it 
and  fine  gradations  are  easily  obtained,  giving  smooth  motion  of 
the  receiver  pen.  In  this  way  a  variable  pressure  is  impressed  on 
the  line  circuit,  giving  a  variable  current.  In  all  the  other  variable- 
current  instruments,  a  constant  pressure  was  impressed  on  the  line 
and  a  resistance  in  series  with  the  line  varied  to  give  the  desired 
variations  in  current.  One  result  of  the  shunting  method  is  a  bet- 
ter form  of  rheostat,  more  easy  of  construction  and  handling,  in 
which,  also,  the  heating  is  better  distributed. 

The  rheostats  are  wound  upon  castings  of  I  cross-section,  with 
the  turns  of  wire  lying  close  together  on  the  inner  or  contact-face. 
After  winding,  the  insulation  on  this  face  is  saturated  with  glue, 
which  is  allowed  to  harden  and  is  then  scraped  off,  taking  the 
insulation  with  it,  and  giving  a  surface  where  contact  is  possible 
on  every  turn  of  the  wire.  This  gives  a  rheostat  of  a  large  num- 
ber of  small  steps,  of  good  mechanical  construction,  and  of  low 
cost. 

The  receiver  operates  with  what  may  be  called  a  straight-line 
d'Arsonval  movement.  The  moving  element  or  coil  is  wound  upon 
a  copper  shell  for  damping  effect.  The  magnetic  circuit  is  so  ar- 
ranged that  one  pole  surrounds  the  other,  forming  an  annular  air- 
gap  of  short  length  and  large  cross-section  in  which  the  direction 
of  the  flux  is  radial.  The  field  is  electromagnetic  and  is  highly 
excited,  to  secure  uniformity.  The  coil,  suspended  in  the  annular  . 
space,  moves  up  or  down   with    little  friction,  as   it   touches  the 
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sides  of  the  space  or  the  core  very  lightly  if  at  all.  The  principle 
is  the  well-known  one  that  a  current-carrying  coil,  in  a  magnetic 
field,  tends  to  place  itself  with  respect  to  the  field  so  that  the  flux 
enclosed  by  the  coil  shall  be  a  maximum. 

The  current  for  operating  is  taken  from  the  ordinary  lighting 
mains,  preferably  at  about  115  volts.  Satisfactory  operation  has 
resulted  with  pressures  from  80  up  to  250.  At  115  volts,  receiver 
and  transmitter  each  require  about  one  ampere  while  in  operation. 
Fairly  steady  pressure  is  necessary  as  the  receiver,  being  in  effect 
a  voltmeter,  is  rather  sensitive  to  sudden  changes,  the  effect  being 
slight  distortion  of  the  message. 

A  master-switch  at  the  transmitter  is  provided  to  do  all  neces- 
sary switching  of  line  and  power  circuits,  to  make  needed  changes 
in  connections  and  to  cut  off  current  when  not  writing.  A  relay 
in  one  of  the  lines  closes  the  power  circuit  of  the  receiver  when- 
ever the  transmitter  at  the  distant  station  is  switched  on,  and  serves 
to  prevent  waste  of  current  when  not  in  operation. 

Attached  to  the  master- switch  is  a  mechanical  device  which 
shifts  the  transmitter  paper  the  space  of  one  line  of  ordinary  writing 
for  each  stroke  of  the  switch.  The  relay  mentioned  controls  the  elec- 
trical receiver  paper  shifter  and,  as  each  stroke  of  the  switch  causes 
a  stroke  of  the  relay,  the  receiver  paper  is  shifted  an  amount  equal 
to  that  at  the  transmitter.  The  writing  space  is  about  two  inches 
long  and  five  inches  wide,  allowing  for  three  or  four  lines  of  writ- 
ing. When  filled  by  messages,  a  few  strokes  of  the  switch  serve 
to  bring  fresh  paper  into  position  at  both  receiver  and  transmitter. 

To  prevent  switching  on  of  the  transmitter  while  ius  home  re- 
ceiver is  receiving  a  message  from  the  distant  station,  an  electro- 
magnet lock  is  connected  in  the  receiver  power  circuit,  controlled  by 
the  relay,  which  locks  the  home  transmitter  in  the  "off"  position 
until  the  distant  transmitter  is  switched  oft'.  If  both  transmitters 
were  switched  on  at  once,  neither  station  would  receive  any  mes- 
sage; the  lock  is  provided  to  render  this  condition  impossible. 

The  ink  supply  is  most  important,  and  is  arranged  for  as  fol- 
lows: at  the  left  of  the  receiver  platen  is  a  bottle  with  a  hole  in 
the  front  near  the  bottom.  When  filled  with  ink  and  tightly  corked 
the  ink  does  not  run  out  of  this  hole  because  of  the  pressure  of  the 
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atmosphere.  The  ink  is  accessible  for  the  pen  at  the  hole  and  the 
surface  of  ink  exposed  to  evaporation  is  small. 

The  pen  is  made  of  a  piece  of  German  silver  bent  double,  after 
the  manner  of  a  ruling  pen^  and  makes  a  uniform  line  in  any  direc- 
tion over  the  paper.  It  takes  up  its  supply  by  capillary  attraction, 
from  the  hole  in  the  front  of  the  bottle.  "When  the  receiver  is 
switched  off,  retractile  springs  draw  the  pen -arms  to  stops  so 
arranged  as  to  bring  the  pen  exactly  in  front  of  the  hole  in  the 
bottle,  and  when  the  pen-lifter  armature  is  released  the  pen  is 
caused  to  insert  its  tip  in  the  opening.  Thus  a  fresh  tilling  of  ink 
is  obtained  each  time  the  paper  is  shifted.  When  not  in  use  the 
pen  rests  in  the  ink,  always  ready  to  write. 

For  the  prevention  of  mechanical  shocks  to  the  necessarily 
light  moving  system  of  the  receiver,  it  has  been  necessary  to  sup- 
ply means  to  prevent  the  switching  on  or  off  of  the  transmitter, 
and  by  that  action  of  the  receiver,*  when  the  transmitter  pencil  is 
^'out  in  the  field";  that  is,  at  a  position  other  than  that  corre- 
sponding to  the  opening  in  the  receiver  ink-bottle;  as  in  that  ease 
the  receiver  pen  would  instantly  jump  to  a  similar  position.  This 
position  is  called  the  "unison  point,"  a  term  having  its  origin  in 
the  days  of  the  "  self -propeller "  escapement  telautograph.  By 
placing  a  catch,  released  only  by  pressure  of  the  pencil-point  upon 
it,  at  the  transmitter  unison  point,  the  desired  result  is  accomplished 
and  the  transmitter  master-switch  can  not  be  switched  either  "  off" 
or  "on"  unless  the  pencil  be  placed  at  the  unison  point  and  held 
there  until  the  stroke  of  the  switch  is  completed.  In  this  case,  as 
everywhere,  the  apparatus  is  made  strong  enough  to  stand  any 
possible  shocks,  although  every  precaution  is  taken  to  prevent  their 
occurrence.  Aside  from  the  shock  to  the  moving  system  these 
jumps  might  shake  the  ink  supply  out  of  the  pen  and  prevent  the 
recording  of  the  message.. 

The  pen -lifter  is  a  magnet  placed  back  of  the  receiver  writing 
platen,  and  carrying  upon  its  armature  a  rod  adapted  to  engage 
with  the  pen -arm  rods  and  raise  the  pen  clear  of  the  paper  w^hen 
the  magnet  is  energized.  This  magnet  is  controlled  from  the 
transmitter  as  follows:  beneath  the  transmitter  platen  is  a  spring- 
contact,  opened  by  pressure  of  the  pencil  upon  the  paper,  and 
closed  by  a  spring  when  the  pencil  is  raised.     An  induction  coil 
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having  an  interrupter  in  its  primary  circuit  is  so  connected  to  this 
spring-contact  that  when  the  pencil  is  raised  the  primary  winding 
is  short-circuited.     The  induction  coil  has  two  independent  sec- 
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SAMPLE  OF  WRITING 

Made  especially  for  the  American  School  of  Correspondence  over  a  distance  of  about  3(t 

miles.    At  the  left  is  shown  the  original,  at  the  right  the  reproduction. 

ondary  windings  through  which  the  two  variable  line  currents  pass 
before  leaving  the  transmitter.  The  effect  of  the  induction  coil 
and  its  interrupted  primary  current  is  to  induce,  in  the  two  line 
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currents,  superimposed  vibrations  or  "ripples"  when  the  pencil  is 
pressed  down  on  the  paper  and  the  spring-contact  is  open.  When 
the  contact  is  closed,  by  its  spring,  and  the  primary  winding  is  cut 
out,  no  vibrations  are  produced  in  the  line  currents.  In  one  of  the 
line  wires,  at  the  receiver,  is  placed  a  relay  upon  whose  sheet- iron 
diaphragm  armature  is  mounted  a  loose  contact,  consisting  of  two 
platinum-silver  contacts  in  series,  sealed  in  a  glass  tube,  to  pre- 
vent oxidation.  A  local  circuit  contains  the  winding  of  the  pen- 
lifter  magnet  and  this  loose  contact. 

When  the  vibrations  are  present  in  the  line  current,  due  to 
the  pressure  of  the  pencil  upon  the  paper  and  consequent  opening 
of  short  circuit  of  the  primary  of  the  induction  coil,  the  diaphragm 
of  the  relay  is  shaken,  the  loose  contact  opened,  and  the  pen -lifter 
de-energized,  its  armature  being  drawn  back  by  a  spring  and  the 
pen  being  allowed  to  rest  against  the  paper.  When  there  are  no 
vibrations  in  the  line  currents  due  to  the  raising  of  the  pencil  from 
the  paper,  the  relay  diaphragm  is  at  rest,  the  pen -lifter  is  energized, 
and  the  pen  is  lifted  clear  of  the  paper. 

The  superimposed  vibrations  used  for  operating  the  pen-lifter 
have  another  minor  effect.  The  suspended  coils,  and  through 
them  the  entire  moving  system  of  the  receiver,  are  kept  in  a  state 
of  very  slight  mechanical  vibration  while  the  pen  is  on  the  paper. 
This  aids  "the  flow  of  ink  from  the  pen-point,  assists  the  pen  in 
passing  over  any  roughness  or  irregularity  in  the  surface  of  the 
paper,  and  materially  reduces  friction  in  the  joints  and  pivots  of 
the  moving  system,  and  results  in  better  writing.  In  some  of  the 
later  instruments,  the  two  relays,  that  for  pen -lifting  and  that  for 
paper-shifting  and  power-switching,  are  combined  in  a  single 
piece  of  apparatus. 

For  signaling,  a  push-button  is  placed  upon  the  transmitter 
and  a  call-bell  or  buzzer  is  mounted  on  the  receiver.  This  circuit 
is  disconnected  by  the  master-switch  while  a  message  is  being 
written.  Spring  reels  are  attached  when  needed  to  roll  up  the 
received  messages  for  preservation  and  future  reference. 

The  ordinary  arrangements  for  operation  are  as  follows:  the 
instruments  may  be  operated  singly,  upon  a  private  line  having  an 
instrument  at  each  end,  or  on  an  exchange  system  where  a  switch- 
board provides  for  connection.     Working  in  this  way,  satisfactory 
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writing  has  been  obtained  with  a  resistance  in  each  line  wire  of 
1,600  ohms  and  an  operating  pressure  of  110  volts.  Multiple 
operation  can  be  carried  out  to  a  limited  extent,  three  receivers 
being  at  present  the  maximum  number  that  can  be  operated  at 
once,  in  multiple,  using  110  volts.  This  allows  of  placing  a 
supervisory  machine  upon  a  line. 

When  no  response  to  messages  beyond  a  bell  signal  is  required, 
and  the  same  message  is  to  be  sent  to  a  number  of  stations,  a  series 


>  Fig.  2. 

arrangement  of  receivers  is  used.  With  a  transmitting  pressure 
of  110  volts  a  maximum  of  seven  receivers  can  be  operated  from  a 
single  pair  of  transmitting  rheostats  and  rollers.  This  number 
may  be  increased  by  increasing  the  pressure  or  by  adding  addi- 
tional rheostats  and  rollers,  operated  by  the  same  pencil.  Using 
both  these  methods  a  maximum  of  50  or  more  receivers  may  be 
operated  at  once. 

Instances  in  actual  commercial  use  of  the  arrangements  of 
instruments  mentioned  are:  private  lines;  the  transmission  of  mail 
and  other  orders  from  office  to  factory  or  yards;  investigation  of 
checks  over  lines  between  paying  tellers  and  bookkeepers  in  banking 
concerns,  and  transmission  of  messages,  usually  in  cipher,  between 
brokerage  firms  and  cable  or  telegraph  offices.     A  few  moments' 
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thought  will  bring  to  mind  many  places  where  a  telautograph 
private  line  could  be  used  to  save  time  and  trouble,  especially 
where  accurate  transmission  of  figures  is  essential. 

Multiple  operation  may  be  resorted  to  when  a  third  station 
upon  a  line  desires  a  record,  accessible  at  any  time,  of  what  is  being 
sent,  as,  for  instance,  when  one  of  the  officers  of  a  bank  desires  to 
know  what  passes  between  his  bookkeepers  and  paying  tellers. 
On  such  a  line  the  third  station  receives  all  messages  and  can  write 
to  either  or  both  of  the  other  stations,  should  the  necessity  arise. 

Series  operation  may  be  used  when  several  stations  are  to 
receive  the  same  message  and  no  response  except  a  bell  signal  is 
required,  as  in  sending  orders  in  a  hotel  or  club  from  dining  room 
to  kitchen,  pantry  and  wine  room;  in  "  reporting  "  or  news  service, 
or  for  bulletin  work,  such  as  the  announcement  of  arrival  and 
departure  of  trains  to  a  number  of  stations  in  a  large  railway 
station  or  freight  depot.  Fig.  2  shows  the  standard  commercial 
instrument. 

One  of  the  most  important  uses  for  series  systems  has  been 
found  in  the  U.  S.  Coast  Defense  Service,  in  sending  ballistic 
data,  such  as  range  and  azimuth  of  target,  or  character  of  pro- 
jectile, from  position-finding  stations  to  the  gunners.  This  is 
called  "fire-control  communication"  and  is  installed  in  the  forts 
by  the  IT.  S.  Signal  Corps.  In  a  paper  presented  by  Col.  Samuel 
Reber  on  "Electricity  in  the  Signal  Corps,"'  will  be  found  a 
description  of  the  position-finding  systems.  The  desired  character- 
istics of  a  system  of  communication  for  sending  this  data  to  the 
guns  are  stated  as  follows: 

"The  system  that  will  successfully  solve  this  problem  must  be  sim- 
ple in  construction,  mecnanically  strong  so  as  not  to  be  affected  by  the 
blast,  as  the  receivers  are  placed  close  to  the  guns,  rapid  in  operation,  and 
give  a  character  of  record  that  can  be  read  without  liability  of  error." 

Since  that  paper  was  prepared,  it  has  been  decided  that  the 
receivers  must  be  mounted  directly  on  the  gun-carriage  and  can 
have  no  shelter  other  than  that  afforded  by  their  own  cases.  Add 
to  these  requirements  the  facts  that  the  instruments  must  be  cared 
for  by  post  electricians,  and  operated  by  enlisted  artillerymen; 
that  messages  must  be  visible  at  night;  and  the  operation  must  be 


i.  Transactions,  a.  I.  E.  E.,  Vol.  XIX.,  pp.  723  and  724. 
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independent  of  rain,  salt  mists,  cold,  Leat,  or  tropical  insects,  and 
it  is  apparent  that  no  easy  problem  is  presented. 

A  special  type  of  telautograph  has  been  designed  for  this  serv- 
ice and  has  been  adopted  by  the  U.  S.  Signal  Corps'  for  lire- 
control  communication. 

In   this    "  service    telautograph,"    the    pen-lifter    controlling 


Fig.  3. 

relay  is  eliminated  and  the  receiver  pen-lifters  are  operated  over  a 
third  line  wire  by  the  transmitter  platen  switch  directly. 

Each  gun  receiver  is  enclosed  in  a  water-tight  brass  case,  sus- 
pended by  springs  from  the  gun  carriage  directly  in  front  of  the 
gunner.  The  parts  are  as  far  as  possible  made  "  brutally  strong," 
and  the  construction  is  as  simple  as  possible. 

The  desired  rapidity  of  operation  is  inherent  to  the  telauto- 
graph, and  accuracy  of  record  is  ensured  by  careful  writing  and  by 
the  use  of  a  "  home "  receiver,  mounted  at  the  transmitter  where 
the  operator  can  see  it  plainly,  which  is  connected  in  series  with 


1.    Transactions,  A.  I.  E.  E.,  Vol.  XIX.,  p.  67». 
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the  gun  receivers  and  records  the  messages  as  actually  sent  over 
the  line. 

Freezing  of  ink  is  prevented  by  the  addition  of  alcohol;  and 
rain,  mists,  and  insects,  as  well  as  the  effects  of  the  blast,  are  shut 
out  by  the  metal  case.  A  heavy  glass  window  is  placed  in  the 
case  so  that  messages  can  be  read  without  opening  the  case. 

A  small  incandescent  lamp  inside  the  case  lights  automatic- 
ally when  the  receiver  is  writing  and  may  be  lighted  by  pressing 
a  button  at  other  times,  thus  providing  for  visibility  at  night. 
Fig.  3  shows  the  army  type  of  receiver  mounting. 

On  warships  there  is  a  somewhat  similar  service  to  be  ren- 
dered and  the  performance  of  this  should  fall  to  the  army  type  of 
telautograph. 

Commercial  service  has  given  opportunity  for  the  installation 
of  a  considerable  number  of  private  line  telautographs  in  actual 
use,  and  at  least  three  of  each  of  the  other  typical  installations  are 
in  operation  at  the  present  time. 

Much  of  the  improvement  in  details  of  construction  and  reli- 
ability in  operation  has  resulted  from  experience  gained  in  efforts 
to  perfect  the  service  of  these  commercial  plants.  The  experience 
leading  up  to  the  special  army  type  of  telautograph  has  extended 
over  a  period  of  about  five  years  and  in  the  present  instrument  all 
the  requirements,  unusually  severe  as  they  are,  have  been  success- 
fully fulfilled. 


878 


>y::. 


<    H 


INSULATORS  FOR  TRANSMISSION  LINES. 


Line  insulators,  pins,  and  cross-arms  all  go  to  make  up  paths 
of  more  or  less  conductivity  between  the  wires  of  a  transmission 
circuit.  The  amount  of  current  flowing  along  these  paths  from 
one  conductor  to  another  in  any  case  will  depend  on  the  combined 
resistance  of  the  insulators,  pins,  and  cross-arm  at  each  pole. 

As  a  general  rule,  the  wires  of  high-voltage  transmission  cir- 
cuits are  used  bare  because  continuous  coverings  would  add  materi- 
ally to  the  cost  w^ith  only  a  trifling  increase  in  effective  insulation 
against  high  voltages.  In  some  instances  the  wires  of  high-pres- 
sure transmission  lines  have  individual  coverings  for  short  dis- 
tances where  they  enter  large  cities,  but  often  this  is  not  the  case. 
At  Manchester,  New  Hampshire,  bare  conductors  from  water-power 
plants  enter  the  substation,  well  within  the  city  limits,  at  12,000 
volts.  From  the  water  power  at  Chambly  the  bare  25,000-volt 
circuits,  after  crossing  the  St.  Lawrence  River  over  the  great  Vic- 
toria Bridge,  pass  overhead  to  a  terminal  house  near  the  water 
front  in  Montreal.  In  order  to  reach  the  General  Electric  Works, 
the  30,000-volt  circuits  from  Spier  Falls  enter  the  city  limits  of 
Schenectady,  New  York,  with  bare  overhead  conductors. 

Where  transmission  lines  pass  over  a  territory  exposed  to  cor- 
rosive gases,  it  is  sometimes  desirable  to  give  each  wire  a  weather- 
proof covering.  An  instance  of  this  sort  occurs  near  Niagara  Falls 
where  the  aluminum  conductors  forming  one  of  the  circuits  to 
Buffalo  are  covered  with  a  braid  that  is  saturated  with  asphaltum. 

Each  path,  formed  by  the  surface  of  the  insulators  of  a  line 
and  the  pins  and  cross-arm  by  which  they  are  supported,  not  only 
wastes  the  energy  represented  by  the  leakage  current  passing  over 
it,  but  may  lead  to  the  charring  and  burning  of  the  pins  and  cross- 
arm  by  this  current.  To  prevent  such  burning,  the  main  reliance 
is  to  be  placed  in  the  surface  resistance  of  the  insulators  rather 
than  that  of  pins  and  cross-arms.  These  insulators  should  be  made 
of  glass  or  porcelain,  as  far  as  past  experience  is  a  guide,  and 
should  be  used  dry,  that  is,  without  oil.     In  some  of  the  early 
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transmiGsion  lines,  insulators  were  used  on  which  the  lower  edges 
were  turned  inward  and  upward  so  that  a  circular  trough  was 
formed  beneath  the  body  of  the  insulator,  and  this  trough  was  filled 
with  heavy  petroleum.  It  was  found,  however,  that  this  trough  of 
oil  served  to  collect  dirt  and  thus  tended  to  lower  the  insulation 
between  wire  and  cross-arm,  so  that  the  practice  was  soon  aban- 
doned. Glass  and  porcelain  insulators  are  rivals  for  use  on  high- 
tension  lines  and  each  has  advantages  of  its  own.  Porcelain 
insulators  are  much  stronger  mechanically  than  are  those  of  glass, 
and  are  not  liable  to  crack  because  of  unequal  internal  expansion, 
a  result  sometimes  met  with  where  glass  insulators  are  exposed  to 
a  hot  morning  sun.  In  favor  of  glass  insulators  it  may  be  said 
that  their  insulating  properties  are  quite  uniform,  and  that,  unlike 
porcelain,  their  internal  defects  are  generally  apparent  on  inspec- 
tion. In  order  to  avoid  internal  defects  in  large  porcelain  insula- 
tors, it  has  been  found  necessary  to  manufacture  some  designs  in 
several  parts,  and  then  cement  the  parts  of  each  insulator  together. 

Defective  insulators  may  be  divided  into  two  classes — those 
that  the  line  voltage  will  puncture  and  break,  and  those  'that 
permit  an  excessive  amount  of  current  to  pass  over  their  surfaces 
to  the  pins  and  cross-arms.  Where  an  insulator  is  punctured  and 
broken,  the  pin,  cross-arm,  and  pole  to  w^hich  it  is  attached,  are 
liable  to  be  burned  up.  If  the  leakage  of  cuiTent  over  the  surface 
of  an  insulator  is  large,  not  only  may  the  loss  of  energy  on  the 
line  where  the  insulator  is  used  be  serious,  but  this  energy  follows 
the  pins  and  cross-arm  in  its  path  from  wire  to  wire,  and  gradually 
chars  the  former,  or  both,  so  that  they  are  ultimately  set  on  fire  or 
break  through  lack  of  mechanical  strength.  The  discharge  over  the 
surface  of  an  insulator  may  be  so  large  in  amount  as  to  have  a  dis- 
ruptive character,  and  thus  to  be  readily  visible.  More  frequently 
this  surface  leakage  of  current  over  insulators  is  of  the  invisible 
and  silent  sort  that  nevertheless  may  be  sufhcient  in  amount  to  char, 
weaken,  and  even  ultimately  set  fire  to  pins  and  cross-arms. 

All  insulators,  whether  made  of  glass  or  porcelain,  should  be 
tested  electrically  to  determine  their  ability  to  resist  puncture,  and 
to  hold  back  the  surface  leakage  of  current,  before  they  are  put 
into  practical  use  on  high-tension  lines.  Experience  has  shown 
that  inspection  alone  cannot  be  depended  on  to  detect  defective 
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glass  insulators  that  will  fail  when  put  into  service  on  high-voltage 
lines.  Electrical  testing  of  insulators  serves  well  to  determine  the 
voltage  to  which  they  may  be  subjected  in  practical  service  with 
little  danger  of  puncture   by   the  disruptive  passage  of  current 


INSULATOR.     ARC  TO  METAL  PIN  AT  96,000  VOLTS. 
Precipitation  \  inch  per  minute.       Diameter  14  . 
30°  above  horizontal.  Height  12' . 

Duratioa  of  test,  15  minutes.  Weight  33  lUs, 
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through  their  substance.  It  is  also  possible  to  determine  the  volt- 
age that  will  cause  a  disruptive  discharge  of  current  over  the 
surface  of  an  insulator,  when  the  outer  part  of  this  surface  is  either 
wet  or  dry.  This  is  as  far  as  electrical  tests  are  usually  carried, 
but  it  seems  desirable  that  such  tests  should  also  determine  the 
amount  of  silent,  invisible  leakage  over  the  surface  of  insulators 
both  when  they  are  wet  and  when  they  are  dry,  at  the  voltage 
which  their  circuits  are  intended  to  carry.  Such  a  test  of  silent 
leakage  is  important  because  this  sort  of  leakage  chars  and  weakens 
insulator  pins,  and  sets  fire  to  them  and  cross-arms,  besides  repre- 
senting a  waste  of  energy. 

The  voltage  employed  to  test  insulators  should  vary  in  amount 
according  to  the  purpose  for  which  any  particular  test  is  made. 
Glass  and  porcelain,  like  many  other  solid  insulators,  will  with- 
stand a  voltage  during  a  few  minutes  that  will  cause  a  puncture 
if  continued  indefinitely.  In  this  respect  these  insulators  are 
unlike  air,  which  allows  a  disruptive  discharge  at  once  when  the 
voltage  to  which  it  is  exposed  reaches  an  amount  that  the  air  can- 
not permanently  withstand.  Because  of  this  property  of  glass  and 
porcelain  insulators,  it  is  necessary  in  making  a  puncture  test,  to 
employ  a  voltage  much  higher  than  that  to  which  they  are  to  be 
permanently  exposed.  In  good  practice  it  is  thought  desirable  to 
test  insulators  for  puncture  with  at  least  twice  the  voltage  of  the 
circuits  which  they  will  be  required  to  permanently  support  on 
transmission  lines. 

For  the  first  transmission  line  from  Niagara  Falls  to  Buffalo, 
which  was  designed  to  operate  at  11,000  volts,  the  porcelain  insu- 
lators were  tested  for  puncture  with  a  voltage  of  40,000,  or  nearly 
four  times  that  of  the  circuits  they  were  to  support. 

Porcelain  insulators  for  the  second  line  between  Niagara  Falls 
and  Buffalo,  after  the  voltage  of  transmission  had  been  raised  to 
22,000,  were  given  a  puncture  test  at  60,000  volts.  Of  these  in- 
sulators tested  at  60,000  volts  only  about  3  per  cent  proved  to  be^ 
defective.  These  puncture  tests  were  carried  out  by  placing  each 
insulator  upside  down  in  an  open  pan  containing  salt  water  to  a 
depth  of  two  inches,  partly  filling  the  pin  hole  of  the  insulator  with 
salt  water,  and  then  connecting  one  terminal  of  the  testing  circuit 
with  a  rod  of  metal  in  the  pin  hole,  and  the  other  terminal  with 
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the  pan.  Alternating  current  was  employed  in  these  tests,  as  is 
usually  the  case,  and  they  are  mentioned  in  Volume  XVIII,  Trans- 
actions A.I.E.E.,  pages  514  to  520.  For  the  transmission  lines 
between  Spier  Falls,  Schenectady,  Albany,  and  Troy,  where  the 
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20,000  TO  60,000   VOLTS. 
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voltage  is  30,000  the  insulators  were  required  to  withstand  a  punc- 
turing test  with  75,000  volts  for  a  period  of  five  minutes,  after 
they  had  been  soaked  in  w^te?  |or  24  hours. 
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There  is  some  difference  of  opinion  as  to  the  proper  duration 
of  a  puncturing  test,  the  practise  in  some  cases  being  to  continue 
the  test  for  only  one  minute  on  each  insulator,  while  in  other  cases 
the  time  runs  up  to  five  minutes  or  more.  As  a  rule,  the  higher 
the  testing  voltage  compared  with  that  under  which  the  insulators 

will  be  regularly  used, 
the  shorter  should  be 
the  period  of  test.  In- 
stead of  being  tested  in 
salt  water  as  above  de- 
scribed, an  insulator  may 
be  screwed  onto  an  iron 
pin  of  a  size  that  lits  its 
threads,  and  then  one 
side  of  the  testing,  cir- 
cuit put  in  contact  with 
the  pin,  and  the  other 
side  connected  with  the 
wire  groove  of  the  in- 
sulator. Care  should  be 
taken  where  an  iron  pin 
is  used  either  in  testing 
or  for  regular  line  work, 
that  the  pin  is  not 
screwed  hard  up  against 
the  top  of  the  insulator, 
as  this  tends  to  crack 
off  the  top,  especially 
when  the  pin  and  insu- 
lator  are  raised  in  tem- 
perature. Iron  expands 
at  a  much  higher  rate 
than  glass  or  porcelain, 
and  it  is  desirable,  where  an  iron  pin  is  screwed  into  the  insulator, 
to  place  a  washer  of  leather  or  cork  over  the  top  of  the  pin  so  that 
the  iron  will  not  press  hard  against  the  inside  of  the  insulator  top. 
In  this  way  a  little  room  for  expansion  is  provided  by  compression  of 
the  washer.     There  seems  to  be  some  reason  to  think  Xh^^^,  an  insula- 
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tor  will  puncture  more  readily  when  it  is  exposed  to  severe  mechan- 
ical stress  by  the  expansion  of  the  iron  pin  on  which  it  is  mounted. 
Tests  of  insulators  are  usually  made  with  alternating  current, 
and  the  form  of  the  voltage  curve  is  important,  especially  where 
the  test  is  made  to  determine  what  voltage  will  arc  over  the  surface 
of  the  insulator  from  the  line  wire  to  the  pin.  The  square  root  of 
the  mean  square  for  two 
curves  of  alternating  vol- 
tage, ais  read  by  a  volt- 
meter, may  be  the  same 
though  the  maximum  volt- 
ages of  the  two  curves 
differ  widely.  In  tests  for 
the  puncture  of  insulators, 
the  average  alternating 
voltage  applied  is  more 
important  than  the  maxi- 
mum voltage  shown  by  the 
highest  points  of  the  pres- 
sure curve,  because  of  the 
influence  of  the  time  ele- 
ment with  glass  and  porce- 
lain. On  the  other  hand, 
when  the  test  is  to  deter- 
mine the  average  voltage  at 
which  current  will  arc  over 
the  insulator  surface  from 
the  line  wire  to  the  pin,  the 
maximum  value  of  the  pres- 
sure curve  should  be  taken 
into  consideration  because 
air  has  no  time  element, 
but  permits  a  disruptive 
discharge  under  a  merely 
instantaneous  voltage. 

Alternators  used  in  transmission  systems  usually  conform 
approximately  to  a  sine  curve  in  the  instantaneous  values  of  the 
pressures  they  develop,  and  it  is  therefore  desirable  that  tests  on  line 
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insulators  be  made  with  voltages-  whose  values  follow  the  sine  curve. 
Either  a  single  transformer  or  several  transformers  in  series  may 
be  employed  to  step  up  to  the  required  voltage,  but  a  single  trans- 
former will  usually  give  better  regulation  and  greater  accuracy. 
An  air  gap  between  needle  points  is  not  a  very  satisfactory  means 

by  which  to  determine  the 
average  voltage  on  a  testing 
circuit,  because,  as  already 
pointed  out,  the  sparking 
distance  between  the  needle 
points  depends  mainly  on 
the  maximum  instantane- 
ous values  of  the  voltage, 
which  may  vary  with  the 
load  on  the  generator  and 
the  saturation  of  its  mag- 
nets. For  accurate  results 
a  step-down  voltmeter 
transformer  should  be  used 
on  the  testing  circuit. 

An  insulator  that  re- 
sists a  puncture  test  per- 
fectly may  fail  badly  when 
subjected  to  a  test  as  to  the 
voltage  that  will  arc  over 
its  surface  from  line- wire 
to  pin.  This  arc-over  test 
should  be  made  with  the 
outer  surface  of  the  insu- 
lator both  wet  and  dry.  For 
the  purpose  of  this  test  the 
insulator  should  be  screwed 
onto  an  iron  pin,  or  onto  a 
wooden  pin  that  has  been  covered  with  tinfoil.  One  wire  of  the 
testing  circuit  should  then  be  secured  in  the  groove  of  the  insulator, 
which  should  preferably  be  on  top,  and  the  other  wire  should  be 
connected  to  the  iron  or  tinfoil  of  the  pin.  The  voltage  that  will' 
»rQ  Qver  tb^  gurf^Q©  of  m  insulatgr  from  the  line  wire  to  the  pin 


Transformer  Discharging  Between  Sheets  of 
Tinfoil  Around  a  Glass  Plate. 


d88 


INSULATORS 


depends  on  the  conditions  of  that  surface  and  of  the  air.  In  light 
air,  such  as  is  found  at  great  elevations,  an  arc  will  jump  a  greater 
distance  than  in  dry  air  near  the  sea  level.  A  fog  increases  the 
distance  that  a  given  voltage  will  jump  between  a  line-wire  and 
its  insulation  pin,  and  a  heavy  rain  lengthens  the  distance  still 
further.  The  heavier  the  downpour  of  rain  the  greater  is  the  dis- 
tance over  the  outside  surface  of  an  insulator  that  a  given  voltage 
will  arc  over.  The  angle  at  which  the  falling  water  strikes  the 
insulator  surface  also  has  an  influence  on  the  voltage  required  to  arc 
over  that  surface,  a  deviation  from  a  downpour  perpendicular  to 
the  plane  of  the  lower  edge  of  the  petticoat  of  the  insulator  seeming 
to  increase  the  arcing  distance  for  a  given  voltage. 

An  insulator  should  be  given  an  arc-over  test  under  condi- 
tions  that  are  approximately  the  most  severe  to  be  met  in  practice. 
These  conditions  can  perhaps  be  fairly  represented  by  a  downpour 
of  water  that  amounts  to  a  depth  of  one  inch  in  five  minutes  for 
each  square  inch  of  the  plane  included  by  the  edge  of  the  largest 
petticoat  of  the  insulator,  when  the  direction  of  the  falling  water 
makes  an  angle  of  45  degrees  with  that  plane.  A  precipitation  of 
one  inch  in  depth  on  a  horizontal  plane  during  five  minutes  seems 
to  be  a  little  greater  than  any  recorded  by  the  United  States 
"Weather  Bureau.  Under  the  severe  conditions  just  named,  the 
voltage  required  to  arc  over  the  insulator  surface  from  line-wire  to 
pin  should  be  somewhat  greater  at  least  than  the  normal  voltage 
of  the  circuit  where  the  insulator  is  to  be  used.  For  the  trans- 
mission  line  between  Spier  Falls  and  Schenectady,  on  which  the 
maximum  voltage  is  30,000,  the  insulators  were  required  to  stand 
a  test  of  42,000  volts  when  wet,  without  arcing  over  from  line- 
wire  to  pin.  In  these  wet  tests  the  water  should  be  sprayed  evenly 
onto  the  insulator  surface  like  rain,  and  the  quantity  of  water 
that  strikes  the  insulator,  in  a  given  time,  should  be  measured. 
When  the  outside  of  an  insulator  is  wet,  it  is  evident  that 
most  of  the  resistance  between  the  line  wire  and  the  insulator  pin 
must  be  offered  by  the  inside  surface  of  the  petticoat  of  the  insula- 
tor and  by  the  air  between  the  lower  edge  of  the  petticoat  and  the 
pin  or  cross-arm.  For  this  reason  an  insulator  that  is  to  with- 
stand  a  very  high  voltage  so  that  no  arc  will  be  formed  over  its 
^et  outside  surface^  must  have  UQt  only  a  wide,  dry  surface  under 
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its  petticoat,  but  also  a  long  distance  through  the  air  between  the 
lower  wet  edge  of  the  insulator  and  the  pin  or  cros3-arm.  In 
some  tests  of  line  insulators  reported  in  Volume  XX,  Transactions 
A.I.E.E.,  pages  521  to  525,  the  results  show  that  the  voltage  required 
to  arc  over  from  line-wire  to  pin  depends  on  the  shortest  distance 
between  them,  rather  than  on  the  distance  over  the  insulator  sur- 
face. Three  insulators,  numbered  4,  5,  and  7  in  the  trial,  were  in 
each  case  tested  by  a  gradual  increase  of  voltage  until  a  discharge 
took  place  between  the  wire  and  pin.  The  pins  were  coated  with 
tinfoil,  and  the  testing  voltage  was  applied  to  the  tie  wire  on  each 
insulator  and  to  the  tinfoil  of  its  pin.  Insulators  4,  5,  and  7  per- 
mitted arcs  from  wire  to  pin  when  exposed  to  73,800,  74,700,  and 
74,700  volts  respectively,  the  surfaces  of  all  being  dry  and  clean. 
The  shortest  distances  between  wires  and  pins  over  insulator  sur- 
face and  through  air  were  6|,  6J,  and  7J  inches  respectively  for 
the  three  insulators,  so  that  the  arcing  voltages  amounted  to  11,140, 
11,952,  and  9,479  per  inch  of  these  distances.  Measured  along 
their  surfaces  the  distances  between  wires  and  pins  on  these  three 
insulators  were  8,  11^,  and  15J  inches  respectively,  so  that  the 
three  arcing  voltages,  which  were  nearly  equal,  amounted  to  9,225, 
6,040,and  4,819  per  inch  of  these  distances.  These  figures  mako 
it  plain  that  the  arcing  voltage  for  each  insulator  depends  on  the 
shortest  distance  over  its  surface  and  through  the  air,  from  wire 
to  pin.  It  might  be  expected  that  the  voltage  in  any  case  would 
arc  equal  distances  over  clean,  dry  insulator  surface  or  through  the 
air,  and  the  experiments  just  named  indicate  that  this  view  is  ap- 
proximately  correct.  The  sparking  distance  through  air  between 
needle  points,  which  is  greater  than  that  between  smooth  surfaces- 
is  5.85  inches  with  70,000  volts,  and  7.1  inches  with  80,000  volts 
according  to  the  report  in  Volume  XIX,  A.I.E.E.,  page  721. 
Comparing  these  distances  with  the  shortest  distances  between 
wires  and  pins  in  the  tests  of  insulators  numbered  4,  5,  and  7, 
which  broke  down  at  73,800  to  74,700  volts  when  dry,  it  seems 
that  a  given  voltage  will  arc  somewhat  further  over  clean,  dry 
insulator  surface  than  it  will  through  air.  This  view  finds  support 
from  the  fact  that  only  a  par"^  of  each  of  the  shortest  distances 
between  wire  and  pin  was  o^'^er  insulator  surface,  the  remainder 
b^ing  through  air  alone. 
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The  fact  that  the  dry  part  of  the  surface  of  an  insulator  and 
the  air  between  its  lower  wet  edge  and  the  pin  or  cross-arm  offer 
most  of  the  resistance  between  the  line-wire  and  the  pin  and  cross- 
arm,  i&  plainly  brought  out  by  the  results  of  the  tests  above  men- 
tioned, in  the  cases  of  insulators  numbered  4  and  7.  While  73,800 
volts  were  required  to  arc  from  line  wire  to  pin  when  the  entire 
insulator  was  dry  and  clean,  the  arc  was  formed  at  only  53,400 
volts  during  a  moderate  rain  storm,  in  the  case  of  number  4  insu- 
lator. With  insulator  number  7  the  arcing  voltage  was  74,700 
when  the  entire  surface  was  clean  and  dry,  but  the  arc  from  wire 
to  pin  was  started  with  52,800  volts  during  a  moderate  rain. 
Number  5  insulator  seems  to  present  an  erratic  result,  for  when 
dry  and  clean  the  arc  jumped  from  wire  to  pin  at  74,700  volts,  and 
yet  during  a  moderate  rain  no  arc  was  formed  until  a  voltage  of 
70,400  was  reached.  For  each  of  the  seven  insulators  on  which 
tests  are  reported  as  above,  the  voltage  required  to  arc  from  line- 
wire  to  pin  was  nearly  or  quite  as  great  during  a  dry-snow  storm 
as  when  the  insulator  surface  was  clean  and  dry.  When  the  insu- 
lators were  covered  with  wet  snow  their  surface  insulation  broke 
down  at  voltages  that  were  within  10  per  cent  above  or  below  the 
arcing  voltages  during  a  moderate  rain  in  five  cases.  With  two 
insulators  the  arcing  voltages,  when  they  were  covered  with  wet 
snow,  were  only  about  CO  per  cent  of  the  voltages  necessary  to 
break  down  the  surface  insulation  between  wire  and  pin  during  a 
moderate  rain. 

When  the  outside  surface  of  an  insulator  is  wet,  as  during  a 
moderate  rain,  it  seems  that  the  under  surface  of  the  insulator,  and 
the  distance  through  air  from  the  lower  wet  edge  of  the  insulator 
to  the  pin  or  cross-arm,  make  up  most  of  the  insulation  that  pre- 
vents arcintr  over  from  the  wire  to  the  pin  or  cross-arm.  It  further 
appears  that  it  is  useless  to  extend  the  distance  across  the  dry 
under  surface  of  the  insulator  indefiaitely  without  a  corresponding 
increase  of  the  direct  distance  through  air  from  the  lower  wet 
edge  of  the  insulator  to  the  wood  of  cross-arm  or  pin.  Insulator 
number  7  in  the  tests  under  consideration  had  a  diameter  at  the 
lower  edge  of  its  outer  petticoat  of  7  inches,  and  was  mounted  on 
a  standard  wooden  pin.  The  diameter  of  this  pin  in  the  plane  of 
the  lower  edge  of  the  insulator  was  probably  about  IJ  inches,  so 
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that  the  radial  distance  through  air  from  this  edge  to  the  pin  must 
have  been  2J  inches  approximately.  During  a  moderate  rain  the 
surface  insulation  of  this  insulator  broke  down  and  an  arc  was 
formed  from  wire  to  j)in  with  52,800  volts.  The  sparking  distance 
between  needle  points  at  50,000  volts  is  3.55  inches,  according  to 
Volume  XIX  A.I.E.E.,  page  721  and  must  be  shorter  between 
smooth  surfaces,  such  as  the  wire  and  pin  in  question,  so  that 
nearly  all  of  the  52,800  volts  in  this  case  must  have  been  required 
to  jump  the  2^  inches  of  air,  leaving  very  little  to  overcome  the 
slight  resistance  of  the  wet  outside  surface  of  the  insulator.  On 
this  insulator  the  surface  distance  from  wire  to  pin  was  15J  inches, 
while  the  shortest  breaking  distance  was  only  7J  inches,  so  that 
the  distance  across  the  dry  under  surface  of  the  insulator  must 
have  been  15J  -  (7|  -  2|)  =  10^  inches  approximately.  It  is 
evidently  futile  to  put  a  path  lOJ  inches  long  across  dry  insulator 
surface  in  parallel  with  a  path  only  2J  inches  long  in  air,  as  an  arc 
will  certainly  jump  this  shorter  path  long  before  one  will  be 
formed  over  the  longer.  The  same  line  of  reasoning  applies  to 
number  8  insulator  in  this  test,  which  had  a  diameter  of  0|  inches, 
a  surface  distance  from  wire  to  pin  of  13  inches  and  a  minimum 
distance  of  7^  inches,  and  whose  surface  insulation  broke  down  at 
48,600  volts  during  a  moderate  rain.  The  absolute  necessity  of  in- 
creasing  the  distance  between  the  lower  wet  edges  of  insulators  and 
the  pins  and  cross-arm,  as  well  as  the  distance  across  the  dry  under 
surfaces  of  insulators,  has  led  to  the  adoption  of  the  so-called 
umbrella  type  for  some  high- voltage  lines.  In  this  type  of  insu- 
lator the  main  or  outer  petticoat  is  given  a  relatively  great 
diameter,  and  instead  of  being  bell-shaped  is  only  moderately  con- 
cave on  its  under  side.  With  an  insulator  of  this  type  mounted  on 
a  large,  long  pin,  the  lower  edge  of  the  umbrella-like  petticoat  may 
be  far  removed  from  the  pin  and  cross-arm.  Beneath  the  large 
petticoat  of  such  insulators  for  high  voltages  there  are  usually  one 
or  more  smaller  petticoats  or  sleeves  that  run  down  over  the  pin,  and 
increase  the  distance  between  it  and  the  lower  edge  of  the  largest 
petticoat,  if  this  distance  is  measured  entirely  through  the  air. 

The  inner  petticoat  or  sleeve  that  runs  down  over  the  pin  and 
sometimes  reaches  nearly  to  the  cross-arm,  of  course  becomes  wet 
on  its  outside  surface  and  at  its  lower  edge  during  a  rain,  but 
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Insulators  on  Transmission  Lines. 


Location  OF  Line. 

Voltage 

of 

Line. 

Material 

of 
Insulator. 

Inches 
Diameter 

of 
Insulator. 

Inches 

Height 

of 

Insulator. 

Electra  to  San  Francisco 

60,000 
60,000 
50,000 
50,000 
40,000 
33,000 
30,000 
25,000 
25,000 
22,000 
13,000 
.12,000 

Porcelain 

Porcelain 

Glass 

Porcelain 

Glass 

Porcelain 

Porcelain 

Glass 

Porcelain 

Porcelain 

Porcelain 

Glass 

11 

11 

9 

10 

7 
6% 

1^ 

13 

5% 

5% 

ex 

Colgate  to  Oakland,  Cal 

Canon  Ferry  to  Butte 

Shawinigan  Falls  to  Montreal 

Provo  around  Utah  Lake 

Santa  Ana  River  to  Los  Angeles 

Spier  Falls  to  Schenectady [ 

Apple  River  Falls  to  St.  Paul 

Chambly  to  Montreal 

Niagara  Falls  to  Buffalo 

Portsmouth  to  Pelham,  N.  H 

Garvins  Falls  to  Manchester,  N.  H.. . 

3% 

4% 

between  this  lower  wet  part  of  the  inner  petticoat,  or  sleeve,  and 
the  lower  wet  edge  of  the  larger  outside  petticoat,  there  is  a  wide, 
dry  strip  of  insulator  surface.  A  result  is  that  an  arc  over  the 
surface  of  the  outside  petticoat  can  only  reach  the  wet  edge  of  the 
sleeve  by  crossing  the  strip  of  dry  under  surface  or  jumping 
through  the  air. 

The  same  type  of  insulator  is  used  on  the  60,000-volt  lines 
between  Electra  and  San  Francisco,  and  betw^een  Colgate  and 
Oakland,  each  insulator  having  an  outer  petticoat  11  inches  diam- 
eter and  one  inner  petticoat  or  sleeve  Q^  inches  diameter.  This 
inner  petticoat  runs  down  the  pin  for  a  distance  of  7J  inches  below 
the  outer  petticoat.     Slightly  different  "pins  are  used  for  mounting 

Insulators  on  Transmission  Lines. 


Location  of  Link. 


Electra  to  San  Francisco 

Colgate  to  Oakland 

Canon  Ferry  to  Butte 

Shawinigan  to  Montreal 

Santa  Ana  River  to  Los  Angeles. 

Spier  Falls  to  Schenectady 

Niagara  Falls  to  Buffalo 

Chambly  to  Montreal 


Inches 

Inches 

Inches 

from 

from 

from 

top  of 

outside 

lowest 

insulator 

petticoat 

petticoat 

to 

to 

to 

cross-arm. 

cross-arm. 

cross-arm. 

14% 

11 

3% 

15 

nx 

4 

r^X2 

7% 

IX 

li^X 

11% 

3% 

8% 

3% 

3% 

10% 

7% 

4% 

10 

5X 

3 

8X 

4X 

2 

Inches 
from  edge 
of  outside 

to  edge 
of  lowest 
petticoat. 

7K 

7X 
6% 
8X 

2X 


On  each  of  the  lines  named  in  this  table  the  wires  are  strung  on  the 
tops  of  their  insulators. 
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the  insulators  on  the  two  transmission  lines  just  named,  so  that 
on  the  former  the  distance  tlirough  air  from  the  lower  edge  of  the 
outer  petticoat  to  the  cross-arm  is  11  inches,  and  on  the  latter  the 
corresponding  distance  is  llj  inches.  On  the  Electra  line  the 
lower  edge  of  the  inner  petticoat  of  each  insulator  is  about  3J 
inches,  and  on  the  Colgate  line  about  4  inches  above  the  cross-arm. 

The  Canon  Ferry  line  is  carried  on  insulators,  each  of  which 
has  three  short  petticoats,  and  a  long  separate  sleeve  that  runs 
down  over  the  pin  to  within  IJ  inches  of  the  cross-arm.  This 
sleeve  makes  contact  with  its  insulator  near  the  pin  hole  and  elec- 
trically may  be  considered  a  part  of  it.  The  outside  petticoat  of 
each  insulator  on  this  line  is  7|  inches  above  the  cross-arm,  and  0^ 
inches  above  the  lower  end  of  the  sleeve.  Both  the  main  insu- 
lator and  the  sleeve  in  this  case  are  of  glass. 

White  porcelain  insulators  are  used  to  support  the  50,000- 
volt  Shawinigan  line  and  are  of  a  design  that  has  not  come  into 
general  use  elsewhere.  Each  of  these  insulators  has  three  petti- 
coats ranged  about  a  central  stem  so  that  their  lower  edges  are  4 J 
inches,  9  inches  and  13  inches  respectively,  below  the  top.  The 
highest  petticoat  is  10  inches,  the  intermediate  9|  inches,  and  the 
low^est  4^  inches  in  diameter.  The  height  of  this  insulator  is  13 
inches,  compared  with  11^  inches  for  those  used  on  the  Electra 
and  Colgate  lines,  and  12  inches  for  the  combined  insulator  and 
sleeve  used  on  the  Canon  Ferry  line.  When  mounted  on  its  pin, 
this  insulator  on  the  Shawinigan  line  holds  its  wire  16|  inches 
above  the  cross-arm,  compared  with  a  corresponding  distance  of 
14J  inches  on  the  Electra,  15  inches  on  the  Colgate,  and  13^ 
inches  on  the  Canon  Ferry  line.  The  two  upper  petticoats  on  each 
of  these  insulators  are  much  less  concave  than  the  lowest  one,  and 
the  edges  of  all  three  stand  respectively  11|,  K^,  and  3 J  inches 
above  the  cross-arm.  From  the  edge  of  the  top  to  the  edge  of  the 
bottom  petticoat,  the  distance  is  8J  inches. 

Of  the  three  transmission  lines  above  named,  that  operate  at 
50  to  GO  thousand  volts,  that  between  Shawinigan  Falls  and  Mon- 
treal leads  as  to  distances  between  the  line-wire  and  insulator  pet- 
ticoats, and  the  cross-arm.  On  the  Santa  Ana  line,  where  the 
voltage  is  33,000,  the  insulator  is  of  a  more  ordinary  type,  being 
of  porcelain,  6|  inches  in  diameter,  4J  inches  high,  and  having  the 


394 


INSULATOTIS 


IS 


lower  edges  of  its  three  petticoats  in  the  same  plane.  Each  of 
these  insulators  holds  its  wire  8^  inches  above  the  cross-arm,  and 
has  all  of  its  petticoats  3J  inches  above  the  cross-arm.    Unlike  the 


TWO     PART    INSULATOR 
UP    TO  30,000    VOLTS 


PORCELAIN     INSULATOR 
WITH     IRON   PIN  ,  BUILT    UP. 


60000  VOLT  INSULATOR 
AND   PIN. 


GLASS   INSULATOR    FOR 
55,000  VOLfS. 


three  insulators  just  described,  which  are  mounted  on  wooden  pins, 
this  Santa  Ana  insulator  has  a  pin  with  an  iron  core,  wooden  thread 
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and  porcelain  base.  This  base  extends  up  from  the  cross-arm  a  dis- 
tance of  3 J  inches,  and  the  wooden  sleeve^  in  which  the  threads  for 
the  insulator  are  cut,  runs  down  over  the  central  bolt  of  the  pin  to 
the  top  of  the  porcelain  base,  which  is  |  inch  below  the  petticoats. 

The  30,000- volt  lines  from  Spier  Falls  are  carried  10|  inches 
above  their  cross-arms  by  triple  petticoat  porcelain  insulators. 
Each  of  these  insulators  is  8^  inches  in  diameter,  6|  inches  high, 
and  is  built  up  of  three  parts  cemented  together.  A  malleable- 
iron  pin  cemented  into  each  insulator  with  pure  Portland  cement 
carries  with  it  the  outside  petticoat  7^  inches,  and  its  lowest  petti- 
coat 4J  inches  above  the  cross-arm.  When  the  voltage  on  the 
Spier  Fallfi  lines  was  raised  from  about  13.000  to  from  26,500  to 
30,000,  the  circuits  being  carried  in  part  by  one-piece  porcelain 
insulators,  a  number  of  these  insulators  were  punctured  at  the 
higher  pressures,  and  some  cross-arms  and  poles  were  burned  as  a 
result.  'No  failures  resulted  on  those  parts  of  these  lines  where 
the  three-part  insulators  were  in  use.  The  second  pole  line  between 
Niagara  Falls  and  Buffalo  was  designed  to  carry  circuits  at  22,000 
volts,  or  twice  that  for  which  the  first  line  was  built.  Porcelain 
insulators  were  employed  on  both  of  these  lines,  but  while  the 
11,000-volt  line  was  carried  on  three-petticoat  insulators,  each 
with  a  diameter  of  7  inches  and  a  height  of  5J  inches,  the  22,000- 
volt  line  was  mounted  on  insulators  each  7^  inches  in  diameter  and 
7  inches  high,  with  only  two  petticoats.  The  older  insulator  had 
its  petticoats  2  inches  above  the  cross-arm,  and  the  lower  petticoat 
of  the  new  insulator  is  3  inches  above  the  arm.  These  two  insu- 
lators illustrate  the  tendency  to  lengthen  out  along  the  insulator 
axis  as  the  voltage  of  the  circuits  to  be  carried  increases. 

For  future  work  at  still  higher  voltages,  the  advantage  as  to 
both  first  cost  and  insulating  qualities  seems  to  lie  with  insulators 
that  are  very  long  in  an  axial  direction,  like  those  on  the  Shawinigan 
line,  and  which  have  their  peiticoats  arranged  one  below  the  other 
and  all  of  about  the  same  diameter,  rather  than  with  insulators  of 
the  umbrella  type,  like  those  on  the  Electra  and  Colgate  lines. 
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REVIEW  QUESTIONS. 


PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  riiind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service,  or 
Engineer's  License.  In  some  cases  numerical  answers 
arc  given  as  a  further  aid  in  this  work. 
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REVIEW    QtJESTIOIS^S 

ON    THE     SUBJECT    OK 

ELEMEIN^TS    OF    ELECTRICITY 
AND    MAGNETISM 


1.  Explain,  from  the  standpoint  of  induced  magnetization, 
the  process  by  which  a  magnet  attracts  a  piece  of  soft  iron. 

2.  What  are  the  differences  in  the  magnetic  behavior  of  soft 
iron  and  hard  steel? 

3.  Wiat  is  meant  by  a  magnetic  Hne  of  force? 

4.  What  reasons  have  we  for  thinking  that  magnetization 
is  a  molecular  phenomenon? 

5.  State  how  you  would  test  the  sign  of  an  unknown  charge 
of  electricity  by  means  of  the  gold-leaf  electroscope. 

C).  Describe  the  process  of  charging  an  electroscope  by  induc- 
tion. 

7.  In  charging  an  electroscope  by  induction,  why  must  the 
finger  be  removed  before  the  removal  of  the  charged  body? 

S.  If  you  hold  a  brass  rod  in  your  hand  and  rub  it  with  silk, 
the  rod  will  show  no  sign  of  electrification;  but  if  you  hold  the  brass 
rod  with  a  piece  of  sheet  rubber  and  then  rub  it  with  silk,  you  will 
find  it  electrified.     Explain. 

9.  Why  is  a  pith  ball  attracted  to  an  electrified  rod  and  then 
repelled  from  it? 

10.  What  differences  can  you  mention  between  magnetism 
and  electricity? 

11.  Explain  the  principle  of  the  condenser. 

12.  Explain  the  principle  of  the  lightning  rod. 

13.  Why  is  the  capacity  of  a  conductor  greater  when  another 
conductor  connected  to  the  earth  is  near  it  than  when  it  stands.alone? 
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REVIEW    QUESTIONS 


ON      THHS      srrBJKOT      OF 


THE  ELECTRIC    CURRENT. 


1.  («)  Explain  what  is  meant  by  electromotive  force,  (h) 
What  is  its  unit  of  measurement,  and  by  what  value  is  it  repre- 
sented ? 

2.  (a)  What  is  necessary  to  cause  an  electric  current  \o 
flotr?  (5)  What  is  meant  by  tiie  strength  of  a  current?  (<?) 
Wliat  is  its  unit  of  measurement,  and  by  what  value  is  it  repre- 
sented ? 

3.  What  is  the  unit  of  resistance  and  by  what  value  is  it 
represented? 

4.  Upon  what  three  general  factors  does  resistance  depend  ? 

5.  What  length  of  copper  wire  2  millimetei'S  in  diameter 
will  have  the  same  resistance  as  12  yards,  1  millimeter  in  diameter? 

Ans.  48  yards. 

6.  State  Ohm's  law. 

7.  Two  wires,  whose  resistances  are  respectively  28  and  24 
ohms,  are  placed  in  parallel  in  a  circuit  so  that  the  current  divides, 
part  passing  through  each.  What  resistance  is  offered  by  them  to 
the  current?  Ans.  12.92  -\-  ohms. 

8.  Fifty  Grove's  cells  (E.  M.  F.  =  1.8  volts)  are  in  series, 
and  united  by  a  wire  of  15  ohms  resistance.  If  the  internal  resist- 
ance of  each  cell  is  .3  ohm,  what  is  the  current?     Ans. 3  amperes. 

9.  (a)  What  is  the  unit  of  quantity  of  electricity?  (b) 
Define  tlie  ampere-hour. 

10.  What  is  the  power  in  watts  when  4000  joules  of  work 
are  done  in  50  minutes?  Ans.  1.33  -{-  watts 

11.  How  many  horse-power  are  equivalent  to  83  kilowatts? 

Ans.  1 1 1  -h  horse-power 
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REVIEW    QUESTIOIS^S 


ON     THE     SUBJECT     OF- 


ELECTRIC    WIRIIS^G 


1.  Explain  the  three-wire  system  of  wiring. 

2.  In  case  a  test  shows  excessive  leakage,  or  a  ground  or  short 
circuit,  how  wouJd  you  locate  the  trouble  and  remedy  it? 

3.  Describe  the  construction  and  use  of  outlet-boxes. 

4.  What  is  the  principal  difference  between  alternating  and 
direct-current  circuits,  so  far  as  concerns  the  wiring  system? 

5.  Compare  the  advantages  of  the  two-wire  and  three-wire 
systems  of  wiring. 

6.  Under  what  general  heads  are  approved  methods  of  wiring 
classified? 

7.  A  single-phase  induction  motor  is  to  be  supplied  with  25 
amperes  at  220  volts;  alternations  12,000  per  minute;  power  factor. 8. 
The  transformer  is  200  feet  from  the  motor,  the  line  consisting  of 
No.  4  wire,  9  inches  between  centers  of  conductors.  The  trans- 
former reduces  in  the  ratio  2,500,  has  a  capacity  of  30  amperes  at  220 

250 
volts,  and,  when  delivering  this  current  and  voltage,  has  a  resistance-E. 
M.  F.  of  2 .  5^  per  cent,  and  a  reactance  E.  M.  F.  of  5  per  cent.     Cal- 
culate the  drop.     (Use  table  and  chart.) 

8.  What  are  the  distinctive  features  of  the  different  kinds  of 
metal  conduit? 

9.  Suppose  power  to  be  delivered,  300  K.  W.;  E.  M.  F.  to  be 
delivered,  2,200  volts;  distance  of  transmission,  15,000  feet;  size  of 
wire.  No.  00;  distance  between  wires,  24  inches;  power  factor  of  load, 
.7;  frequency,  100  cycles  per  second.  Calculate  line  loss  and  drop 
in  per  cent  of  E.  M.  F.  delivered.     (Use  table  and  chart.) 

10.     In  installing  A.  C.  circuits,  what  requirements  are  insisted 
on  as  to  the  placing  of  conductors  in  conduits? 
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ELECTRIC  WIRING 


11.  Describe  the  manufacture,  use,  and  special  advantages  of 
tlic  different  kinds  of  armored  cable. 

12.  Describe  three  different  methods  of  testing?  Which  is  to 
be  preferred? 

13.  W^hat  conditions  determine  whether  a  two-wire  or  three-wire 
system  of  wiring  should  be  used? 

14.  In  locating  cut-out  cabinets  and  distributing  centers,  what 
re(juirements  should  be  fulfilled? 

15.  Wliat  is  "knob  and  tube"  wiring?  Explain  its  use  and  dis- 
cuss its  advantages  or  disadvantages. 

10.     How  far  apart  should  insulators  be  placed? 

17.  What  tests  should  be  made  before  an  electric  wiring  ecjuip- 
ment  is  finally  passed  for  acceptance?     Give  reasons. 

18.  W^hat  regulations  govern  the  use  of  fibrous  tubing? 

19.  Wliat  is  meant  by  mutual  induction? 

20.  What  are  the  advantages  and  disadvantages  of  overhead 
linework  as  compared  with  underground  linework? 

21.  Describe  and  illustrate  by  sketches  proper  methods  of 
supporting  and  protecting  conductors. 

22.  Discuss  the  advantages  of  running  conductors  exposed  on 
insulators. 

23.  Illustrate  by  diagram,  proper  and  improper  methods  of 
grouping  conductors  of  two  two-wire  circuits. 

24.  What  dangers  are  inherent  in  the  use  of  moulding?  Wliat 
precautions  should  be  taken  to  avoid  them? 

25.  Describe  the  proper  methods  of  laying  out  branch  circuits^ 
(a)  in  fireproof  buildings;  (/;)  in  wooden  frame  buildings.  Give 
sketches.  *' 

26.  W' hat  methods  of  installing  wiring  are  best  adapted  for  the 
following  classes  of  buildings,  (a)  fireproof  structures;  (b)  mills, 
factories,  etc.;  (c)   finished  buildings;  (d)  wooden  frame  buildings? 

27.  What  is  skin  effect?     Its  bearing  on  the  problem  of  wiring? 

28.  In  selecting  runways  for  mains  and  feeders,  what  pre- 
cautions should  be  taken? 

29.  Describe  the  method  of  laying  (1)  vitrified  conduit;  (2) 
fibre  conduit. 

30.  Give  sketches  showing  proper  and  improper  methods  of 
guying  poles. 
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REVIEW    QUESTIONS 

ON     rrSCB     SCTBJBOT     OS' 

THE    ELECTKIC    TELEGRAPH, 

PART  I. 


1.  Give  examples  of  tlie  different  kinds  of  messages. 

2.  Wherein  does  the  construction  of  the  relay  differ  from 
that  of  the  sounder?     Why? 

3.  How  many  copies  are  made  of  train  orders?     Why? 

4.  How  does  the  count  of  a  government  message  differ 
from  that  of  an  ordinary  message?     Of  a  cable  message? 

5.  How  could  signals  be  transmitted  without  a  key  ? 

6.  (a)  What  is  Code  telegraphy?     (b)  Give  a  brief  example. 

7.  ,  In  copying  a  message  why  is  the  destination  placed  on 
a  line  by  itself? 

8.  (a)  Give  three  points  of  difference  between  commercial 
and  railway  telegraphy,  (b)  What  is  the  important  feature  of  a 
railway  operator's  work? 

9.  In  the  switchboard,  what  is  the  only  means  of  electrical 
connection  between  the  bars  and  discs? 

10.  Kame  the  apparatus  used  in  a  one -wire  office. 

11.  What  are  the  parts  of  the  sounder? 

12.  (a)  What  are  the  six  different  classes  in  which  the 
signals  of  the  Morse  code  can  be  arranged?     (b)  Give  examples. 

13.  What  part  of  the  relay  does  the  work  of  a  key  for  the 
local  circuit? 

14.  (a)  In  the  Auto- Alphabet  instrument  what  determines 
the  movement  of  the  local  points?  (b)  What  care  must  be  taken 
with  regard  to  them? 

15.  (a)  What  are  the  elements  of  the  Morse  code?  (b)  Which 
is  the  time  unit? 

16.  (a)  How  would  you  transform  the  local  circuit  into  a 
learner's  outfit? 
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REVIEW    QUESTIONS 

ON     THK     SUMJEOT     OB* 

THE    ELECTRIC    TELEGRA1»1I 

PART  II. 


1.  AVhat  test  can  be  applied  to  make  sure  that  the  armature 
of  an  electromagnet  does  not  touch  the  core  ? 

2.  What  is  the  essential  feature  of  the  Phonoplex  ?  How 
are  the  signals  produced? 

3.  What  are  the  principal  uses  of  the  dynamo  in  telegraphy  ? 
4r.     What  two  forms  of  apparatus  are  combined  to  form  the 

quadruplex  ? 

5.  [a)  What  is  static  electricity?  (Z>)  How  are  the  effects 
of  the  discharge  on  the  duplex  relay  overcome? 

6.  If  the  transmitters  are  open  in  the  Stearns  duplex,  admit- 
ting a  small  proportion  of  each  battery  to  line,  how  can  the  effect 
on  the  relay  be  overcome  ? 

7.  What  is  the  only  means  of  electrical  connection  in  the 
switchboard  between  the  row^s  of  discs  and  the  strips? 

8.  How  is  the  home  relay  in  the  Stearns  duplex  made  unre- 
sponsive to  the  home  battery? 

9.  What  is  the  function  of  the  transmitter  in  the  quadruplex 
as  compared  with  that  of  the  pole  changer  ? 

10.  What  is  the  rule  for  determining  the  polarities  in  a  core 
around  which  a  current  is  passing? 

11.  What  would  be  the  resistance  of  six  four-ohm  sounders 
in  series?     In  multiple? 

12.  What  is  a  rheostat  and  what  part  does  it  play  in    the 
duplex? 

13.  How  could  a  test  of  the  short  and  long  end  of  the  quad 
battery  be  made  without  a  meter? 

14      What  is  meant  by  a  differential  relay  2 
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